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Volume 2: Commercial and Industrial Measures

4.1 Agricultural End Use
4.1.1 Engine Block Timer for Agricultural Equipment

DESCRIPTION

The measure is a plug-in timer that is activated below a specific outdoor temperature to control an engine block
heater in agricultural equipment. Engine block heaters are typically used during cold weather to pre-warm an
engine prior to start, for convenience heaters are typically plugged in considerably longer than necessary to
improve startup performance. A timer allows a user to preset the heater to come on for only the amount of time
necessary to pre-warm the engine block, reducing unnecessary run time even if the baseline equipment has an
engine block temperature sensor.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient measure is an engine block heater operated by an outdoor plug-in timer (15 amp or greater) that
turns on the heater only when the outdoor temperature is below 25 °F.

DEFINITION OF BASELINE EQUIPMENT

The baseline scenario is an engine block heater that is manually plugged in by the farmer to facilitate equipment
startup at a later time.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life if assumed to be 3 years?!
DEEMED MEASURE COST

The incremental cost per installed plug-in timer is $10.192,
COINCIDENCE FACTOR

Engine block timers only operate in the winter so the summer peak demand savings is zero.

1Equipment life is expected to be longer, but measure life is more conservative to account for possible attrition in use over
time.
2Based on bulk pricing reported by EnSave, which administers the rebate in Vermont
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh  =ISR * Use Season * %Days * HrSave/Day * kWheater - ParalLd
=78.39% * 87 days * 84.23% * 7.765 Hr/Day * 1.5 kW - 5.46 kWh
=664 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESDH-V01-120601
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4.1.2 High Volume Low Speed Fans

DESCRIPTION

The measure applies to 20-24 foot diameter horizontally mounted ceiling high volume low speed (HVLS) fans that
are replacing multiple non HVLS fans that have reached the end of useful life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be classified as HVLS and have a
VFD3.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be multiple non HVLS existing fans
that have reached the end of s useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years*.
DEEMED MEASURE COST

The incremental capital cost for the fans are as follows®:

Fan Diameter Size (feet) Incremental Cost

20 $4150
22 $4180
24 $4225

LOADSHAPE

Loadshape C34 - Industrial Motor

COINCIDENCE FACTOR

The measure has deemed kW savings therefor a coincidence factor is not applied.

3 Act on Energy Commercial Technical Reference Manual No. 2010-4
4 Ibid.
5 Ibid.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS ©

The annual electric savings from this measure are deemed values depending on fan size and apply to all building

types:
Fan Diameter Size (feet) kWh Savings

20 6577
22 8543
24 10018

SUMMER COINCIDENT PEAK DEMAND SAVINGS’

The annual kW savings from this measure are deemed values depending on fan size and apply to all building types:

Fan Diameter Size (feet) ‘ kW Savings
24
22 3.1
24 3.7

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-AGE-HVSF-V01-120601

6 Ibid.
7 1bid.
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4.1.3 High Speed Fans

DESCRIPTION

The measure applies to high speed exhaust, ventilation and circulation fans that are replacing an existing unit that
reached the end of its useful life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be diffuser equipped and meet
the following criteria®.

Minimum Efficiency for Exhasut & Minimum Efficiency for

Diameter of Fan (inches)

Ventilation Fans Circulation Fans
12.5 Ibf/kW
36 through 47 17.1 cfm/W at 0.10 static pressure 18.2 lbf/kW
48 through 71 20.3 cfm/W at 0.10 static pressure 23.0 Ibf/kW

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be an existing fan that reached the
end of its useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 7 years®.
DEEMED MEASURE COST

The incremental capital cost for all fan sizes is $1501°,
LOADSHAPE

Loadshape C34 - Industrial Motor

COINCIDENCE FACTOR

The measure has deemed kW savings therefor a coincidence factor is not applied.

8 Act on Energy Commercial Technical Reference Manual No. 2010-4
9 Ibid.
101bid.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS M

The annual electric savings from this measure are deemed values depending on fan size and apply to all building
types:

Diameter of Fan (inches) kWh
24 through 35 372
36 through 47 625
48 through 71 1122

SUMMER COINCIDENT PEAK DEMAND SAVINGS?

The annual kW savings from this measure are deemed values depending on fan size and apply to all building types:

Diameter of Fan (inches) kw
36 through 47 0.198
48 through 71 0.356

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoOST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-AGE-HSF_-V01-120601

1 1bid.
12 1bid.
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4.1.4 Live Stock Waterer

DESCRIPTION

This measure applies to the replacement of electric open waterers with sinking or floating water heaters with
equivalent herd size watering capacity of the old unit.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to an electrically heated thermally
insulated waterer with minimum 2 inches of insulation. A thermostat is required on unit with heating element
greater than or equal to 250 watts?3,

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be an electric open waterer with
sinking or floating water heaters that have reached the end of useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years4.
DEEMED MEASURE COST

The incremental capital cost for the waters are $787.50:1°
LOADSHAPE

Loadshape C04 - Non-Residential Electric Heating
COINCIDENCE FACTOR

The measure has deemed kW savings therefor a coincidence factor is not applied

13 Act on Energy Commercial Technical Reference Manual No. 2010-4
14 Ibid.
15 |bid.
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Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS 16
The annual electric savings from this measure is a deemed value and assumed to be 1592.85 kWh.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

The annual kW savings from this measure is a deemed value and assumed to be 0.525 kW. 17
NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-AGE-LSW1-V01-120601

16 1bid.
17 1bid.
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4.2 Food Service Equipment End Use

4.2.1 Combination Oven

DESCRIPTION

This measure applies to both natural gas fired and electric high efficiency combination convection and steam ovens
installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new natural gas or electric combination oven
meeting the ENERGY STAR idle rate and cooking efficiency requirements as specified below.18

ENERGY STAR Requirements (Version 2.1, Effective January 1, 2014)

. Idle Rate . .
Fuel Type Operation (Btu/h for Gas, kW for Electric) Cooking-Energy Efficiency, (%)
Natural Gas Steam Mode <200P+6,511 241
Convection Mode < 150P+5,425 256
Electric Steam Mode <0.133P+0.6400 255
Convection Mode <0.080P+0.4989 276

Note: P = Pan capacity as defined in Section 1.5, of the Commercial Ovens Program Requirements Version 2.11°

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a natural gas or electric combination oven that is not ENERGY STAR certified.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.2°

DEEMED MEASURE COST

The costs vary based on the efficiency and make of the equipment. Actual costs should be used.
LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type?®:

18 ENERGY STAR Commercial Ovens Key Product Criteria

http://www.energystar.gov/index.cfm?c=ovens.pr_crit_comm_ovens

19 pan capacity is defined as the number of steam table pans the combination oven is able to accommodate as

per the ASTM F-1495-05 standard specification.
http://www.energystar.gov/products/specs/system/files/Commercial%200vens%20Program%20Requirements%20V2%201.pdf
?965d-c5ec&3b06-d2f5

20 http://www.fishnick.com/saveenergy/tools/calculators/gcombicalc.php

21Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
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Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

The algorithm below applies to electric combination ovens only.?2

AkWh
Where:

ACookingEnergyconvelec

ACookingEnergysteamelec

AldleEnergyconvelec

A|d|eEnergYSteamElec

Where:

LBelec

EFOODconvelec

= (ACookingEnergyconvelec + ACookingEnergysteamelec + AldleEnergyconveiec +
AldleEnergysteameiec) * Days /1,000

= Change in total daily cooking energy consumed by electric oven in convection
mode

= LBelec * (EFOODConvEIec/ ElecEFFconvBase - EFOODConvEIec/ E|eCEFFConvEE) * Y%conv

= Change in total daily cooking energy consumed by electric oven in steam
mode

= LBejec * (EFOODSteamEIec/ ElecEFFsteamase — EFOODsteamelec / E|eCEFFSteamEE) *

%Steam

= Change in total daily idle energy consumed by electric oven in convection
mode

= [(EleCIDLECoanase * ((HOURS - LBEIec/EleCPCCoanase) * %Conv)) - (ElechLEConVEE *
((HOURS - LBEIec/E'ECPCConvEE) * %Conv))]

= Change in total daily idle energy consumed by electric oven in convection
mode

= [(EleCIDLESteamBase * ((HOURS - LBEIec/EleCPCSteamBase) * %Steam)) - (E|EC|DLESteamEE
* ((HOURS - LBEIec/ElECPCSteamEE) * %Steam))]

= Estimated mass of food cooked per day for electric oven (Ibs/day)
= Custom, or if unknown, use 200 lbs (If P <15) or 250 Ibs (If P >= 15)

= Energy absorbed by food product for electric oven in convection mode

Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985
22 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator
https://www.energystar.gov/sites/default/files/asset/document/commercial_kitchen_equipment_calculator.xlsx

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 16 of 493



lllinois Statewide Technical Reference Manual — 4.2.1 Combination Oven

= Custom or if unknown, use 73.2 Wh/Ib
ElecEFF = Cooking energy efficiency of electric oven

= Custom or if unknown, use values from table below

‘ Base EE

EIeCEFFConV 72% 76%
EleCEFFSteam 49% 55%
Yoconv = Percentage of time in convection mode

= Custom or if unknown, use 50%

EFOODsteamElec = Energy absorbed by food product for electric oven in steam mode

= Custom or if unknown, use 30.8 Wh/Ib

Yosteam = Percentage of time in steam mode
=1 - %conv
ElecIDLEBgase = Idle energy rate (W) of baseline electric oven

= Custom or if unknown, use values from table below

. Convection Mode Steam Mode
Pan Capacity

(ElecIDLEconvBase) (ElecIDLEsteamBase)
<15 1,320 5,260
>=15 2,280 8,710
HOURS = Average daily hours of operation

= Custom or if unknown, use 12 hours
ElecPCaase = Production capacity (lbs/hr) of baseline electric oven

= Custom of if unknown, use values from table below

Pan Capacit Convection Mode Steam Mode
pacity (ElecPCconvBase) (ElecPCsteamgase)
<15 79 126
>=15 166 295
ElecIDLEconvee = Idle energy rate of ENERGY STAR electric oven in convection mode
= (0.08*P +0.4989)*1000
ElecPCee = Production capacity (lbs/hr) of ENERGY STAR electric oven

= Custom of if unknown, use values from table below
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Pan Capacit Convection Mode Steam Mode
P v (ElecPCConvEE) (ElecPCSteamEE)
<15 119 177
>=15 201 349
ElecIDLEsteamee = Idle energy rate of ENERGY STAR electric oven in steam mode

=(0.133* P+0.64)*1000
Days = Days of operation per year
= Custom or if unknown, use 365 days per year

1,000 = Wh to kWh conversion factor

EXAMPLE

For example, a 10-pan capacity electric combination oven would save:
AkWh = (ACookingEnergyconvelec + ACookingEnergysteamelec + AldleEnergyconvelec + AldleEnergysteameiec)
* Days / 1,000

ACookingEnergyconvelee =200 * (73.2/0.72-73.2/0.76) * 0.50
=535 Wh
ACookingEnergysteamelec =200 * (30.8 / 0.49 — 30.8 / 0.55) * (1 —0.50)

=686 Wh

AldleEnergyconvelec =[(1,320 * ((12 — 200/79) * 0.50)) - (1,299 *((12 - 200/119) * 0.50))]
=-453 Wh

AldleEnergysteamelec =[(5,260 * ((12 — 200/126) * (1 - 0.50))) - (1,970 * ((12 - 200/177) * (1 - 0.50)))]
=16,678 Wh

AkWh  =(535 + 686 +-453 + 16,678) * 365 /1,000
=6,368 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWh / (HOURS * DAYS) *CF

Where:
CF = Summer peak coincidence factor is dependent on building type23:
Location CF
Fast Food Limited Menu 0.32

Fast Food Expanded Menu 0.41

23Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985
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Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36

All other variables as defined above.

EXAMPLE

For example, a 10-pan capacity electric combination oven in a Full Service Limited Menu restaurant would
save:
AkW = AkWh / (HOURS * DAYS) *CF

=6,368/ (12 * 365) * 0.51
=0.74 kW

NATURAL GAS ENERGY SAVINGS

The algorithm below applies to natural gas combination ovens only.2*

ATherms = (ACookingEnergyconveas + ACookingEnergysteamacas + AldleEnergyconvcas +
AldleEnergysteamaas) * Days / 100,000

Where:

ACookingEnergyconvGas = Change in total daily cooking energy consumed by gas oven in convection
mode

= LBgas * (EFOODConvGas / GasEFFconvase - EFOODconvGas / GaSEFFConvEE) * %conv

ACookingEnergysieamcas = Change in total daily cooking energy consumed by gas oven in steam
mode

= LBgas * (EFOODSteamGas / GasEFFsteamBase — EFOODsteamaGas / GaSEFFSteamEE) *

%Steam

AldleEnergyconvGas = Change in total daily idle energy consumed by gas oven in convection
mode

= [(GaS|D|—ECoanase * ((HOURS - LBGas/GaSPCCoanase) * %Conv)) - (GaS|DLEconvEE *
((HOURS - LBGas/GaSPCConvEE) * %Conv))]

AldleEnergysteamGas = Change in total daily idle energy consumed by gas oven in convection
mode

= [(GaSIDLESteamBase * ((HOURS - LBGas/GaSPCSteamBase) * %Steam)) - (GaSIDLESteamEE
* ((HOURS - LBGas/GaSPCSteamEE) * %Steam))]

Where:

LBgas = Estimated mass of food cooked per day for gas oven (Ibs/day)

24 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator
https://www.energystar.gov/sites/default/files/asset/document/commercial_kitchen_equipment_calculator.xlsx
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= Custom, or if unknown, use 200 lbs (If P <15), 250 lbs (If 15 <= P 30), or 400
Ibs (If P =>30)

E FOODConvGas

GasEFF

= Energy absorbed by food product for gas oven in convection mode

= Custom or if unknown, use 250 Btu/Ib

= Cooking energy efficiency of gas oven

= Custom or if unknown, use values from table below

GasEFFcony

Base

52%

EE
56%

GasEFFsteam

39%

41%

EFOODsteamaas

GasIDLEgase

= Energy absorbed by food product for gas oven in steam mode

= Custom or if unknown, use 105 Btu/Ib

= Idle energy rate (Btu/hr) of baseline gas oven

= Custom or if unknown, use values from table below

Pan Capacit Convection Mode Steam Mode
- Y (GaS|DLECoanase) (GasIDLEsteamBase)
<15 8,747 18,656
15-30 10,788 24,562
>30 13,000 43,300
GasPCgase = Production capacity (lbs/hr) of baseline gas oven
= Custom of if unknown, use values from table below
Pan Capacit Convection Mode Steam Mode
P y (GaSPCCoanase) (GaSPCSteamBase)
<15 125 195
15-30 176 211
>30 392 579
GasIDLEconvee = Idle energy rate of ENERGY STAR gas oven in convection mode
=150*P + 5,425
GasPCe = Production capacity (lbs/hr) of ENERGY STAR gas oven
= Custom of if unknown, use values from table below
Pan Capacit Convection Mode Steam Mode
P ¥ (GaSPCCunvEE) (GaSPCSteamEE)
<15 124 172
15-30 210 277
>30 394 640

GasIDLEsteamee

ILTRM v5.0 Vol. 2_February 11, 2016_Final
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=200 * P +6511

100,000 = Conversion factor from Btu to therms

All other variables as defined above.

EXAMPLE

For example, a 10-pan capacity gas combination oven would save:
ATherms = (ACookingEnergyconvcas + ACookingEnergysteamaas + AldleEnergyconvaas +
AldleEnergysteamaas) * Days / 100,000

ACookingEnergyconvGas =200 * (250 / 0.52 - 250/ 0.56) * 0.50
=3,434 therms

ACookingEnergysteamcas =200 * (105 / 0.39 — 105 / 0.41) * (1 - 0.50)
=1,313 therms

AldleEnergyconvaas =[(8,747 * ((12 —200/125) * 0.50)) - (6,925 *((12 - 200/124) * 0.50))]
=9,519 therms

AldleEnergysteamaas =[(18,658 * ((12 —200/195) * (1 -0.50))) - (8,511 * ((12 - 200/172) * (1 - 0.50)))]
=56,251 therms
ATherms =(3,434 + 1,313 + 9,519 + 56,251) * 365 /100,000
=257 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-CBOV-V02-160601
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4.2.2 Commercial Solid and Glass Door Refrigerators & Freezers

DESCRIPTION

This measure relates to the installation of a new reach-in commercial refrigerator or freezer meeting ENERGY STAR
efficiency standards. ENERGY STAR labeled commercial refrigerators and freezers are more energy efficient
because they are designed with components such as ECM evaporator and condenser fan motors, hot gas anti-
sweat heaters, or high-efficiency compressors, which will significantly reduce energy consumption.

This measure was developed to be applicable to the following program types: TOS and NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a new vertical solid or glass
door refrigerator or freezer or vertical chest freezer meeting the minimum ENERGY STAR efficiency level standards.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be an existing solid or glass door
refrigerator or freezer meeting the minimum federal manufacturing standards as specified by the Energy Policy Act
of 2005.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years .
DEEMED MEASURE COST

The incremental capital cost for this measure is provided below?®.

Refrigerator Freezer
incremental Cost, Incremental Cost,
per unit per unit
Solid or Glass Door
O0<V<15 $143 $142
15<Vv<30 $164 $166
30<V<50 $164 $166
V250 $249 $407

LOADSHAPE

Loadshape C23 - Commercial Refrigeration

252008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”, California
Public Utilities Commission, December 16, 2008.

http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf

26 Estimates of the incremental cost of commercial refrigerators and freezers varies widely by source. Nadel, S., Packaged
Commercial Refrigeration Equipment: A Briefing Report for Program Planners and Implementers, ACEEE, December 2002,
indicates that incremental cost is approximately zero. Efficiency Vermont Technical Reference User Manual (TRM) Measure
Savings Algorithms and Cost Assumptions, February, 19, 2010, assumed incremental cost ranging from $75 to $125 depending
on equipment volume. ACEEE notes that incremental cost ranges from 0 to 10% of the baseline unit cost
<http://www.aceee.org/ogeece/ch5_reach.htm>. For the purposes of this characterization, assume and incremental cost adder
of 5% on the full unit costs presented in Goldberg et al, State of Wisconsin Public Service Commission of Wisconsin, Focus on
Energy Evaluation, Business Programs: Incremental Cost Study, KEMA, October 28, 2009.
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COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 0.937.27

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = (kWhbase — kWhee) * 365.25
Where:
kWhbase= baseline maximum daily energy consumption in kWh

= calculated using actual chilled or frozen compartment volume (V) of the efficient unit as shown
in the table below.

Type kWhbase?®

Solid Door Refrigerator 0.10 *V +2.04
Glass Door Refrigerator 0.12*V+3.34
Solid Door Freezer 0.40*V +1.38
Glass Door Freezer 0.75*V +4.10
kWhee? = efficient maximum daily energy consumption in kWh

= calculated using actual chilled or frozen compartment volume (V) of the efficient unit
as shown in the table below.

Refrigerator Freezer
kWhee kWhee
0<V<15 <0.089V +1.411 <0.250V +1.250
15<V<30 <0.037V +2.200 <0.400V - 1.000
30<V <50 <0.056V +1.635 <0.163V +6.125
V 250 <0.060V +1.416 <0.158V + 6.333
Glass Door
0<V<15 <0.118V +1.382 <0.607V + 0.893
15<V<30 <0.140V +1.050 <0.733V-1.000
30<V<50 <0.088V +2.625 <0.250V +13.500
V250 <0.110V +1.500 <0.450V + 3.500
\Y = the chilled or frozen compartment volume (ft3) (as defined in the Association of Home

Appliance Manufacturers Standard HRF1-1979)

27 The CF for Commercial Refrigeration was calculated based upon the Ameren provided eShapes

28Energy Policy Act of 2005. Accessed on 7/7/10. <http://www.epa.gov/oust/fedlaws/publ_109-058.pdf>

29ENERGY STAR Program Requirements for Commercial Refrigerators and Freezers Partner Commitments Version 2.0, U.S.
Environmental Protection Agency, Accessed on 7/7/10. <
http://www.energystar.gov/ia/partners/product_specs/program_reqs/commer_refrig_glass_prog_req.pdf>
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= Actual installed
365.25 = days per year
For example a solid door refrigerator with a volume of 15 would save
AkWh  =(3.54-2.76) * 365.25
=285 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / HOURS * CF

Where:
HOURS = equipment is assumed to operate continuously, 24 hours per day, 365.25 days per
year.
= 8766
CF = Summer Peak Coincidence Factor for measure
=0.937

For example a solid door refrigerator with a volume of 15 would save
AkW =285/ 8766 * .937
=0.030 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-CSDO-V01-120601
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4.2.3 Commercial Steam Cooker

DESCRIPTION

To qualify for this measure the installed equipment must be an ENERGY STAR® steamer in place of a standard
steamer in a commercial kitchen. Savings are presented dependent on the pan capacity and corresponding idle
rate at heavy load cooking capacity and if the steamer is gas or electric.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be as follows:

ENERGY STAR® qualified with 38% minimum ENERGY STAR® qualified with 50% minimum
cooking energy efficiency at heavy load (potato) cooking energy efficiency at heavy load (potato)
cooking capacity for gas steam cookers. cooking capacity for electric steam cookers.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a non-ENERGY STAR® commercial steamer at end of life. It is assumed
that the efficient equipment and baseline equipment have the same number of pans.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years30

DEEMED MEASURE COST

The incremental capital cost for this measure is $9983! for a natural gas steam cooker or $249032 for an electric
steam cooker.

LOADSHAPE
Loadshape CO1 - Commercial Electric Cooking
COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type33:

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36

30California DEER 2008 which is also used by both the Food Service Technology Center and ENERGY STAR®.

31Source for incremental cost for efficient natural gas steamer is RSG Commercial Gas Steamer Workpaper, January 2012.
325ource for efficient electric steamer incremental cost is $2,490 per 2009 PG&E Workpaper - PGECOFST104.1 - Commercial
Steam Cooker - Electric and Gas as reference by KEMA in the ComEd C & | TRM.

33 Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and II, Claar, et. al., May 1985.Unknown is an
average of other location types
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Cafeteria 0.36
Unknown 0.40

Algorithm

CALCULATION OF SAVINGS

Formulas below are applicable to both gas and electric steam cookers. Please use appropriate lookup values and
identified flags.

ENERGY SAVINGS

ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z
For a gas cooker: ASavings = ABtu * 1/100,000 * Z
For an electric steam cooker: ASavings = AkWh *Z
Where:
z = days/yr steamer operating (use 365.25 days/yr if heavy use restaurant and exact number
unknown)
Aldle Energy = ((((1- CSMyaseline)* IDLEsase + CSMygaseline * PCease * Eroop / EFFease) * (HOURSday - (F /
PCgase) - ( PREnumber *¥0.25))) - (((1- CSMuyeneraystar) * IDLEenerGysTAR + CSMoenerGYSTAR
PCeneray * Eroop / EFFenercysTar) * (HOURSDay - (F I/ PCeneray ) - (PREnumber * 0.25))))
Where:
CSMygaseline -Baseline Steamer Time in Manual Steam Mode (% of time)
=90%34
IDLEgase = Idle Energy Rate of Base Steamer3®
IDLE -
Number of Pans IDLEgase - Gas, Btu/hr e
Electric, kw
3 11,000 1.0
4 14,667 1.33
5 18,333 1.67
6 22,000 2.0
PChase = Production Capacity of Base Steamer3®

34Food Service Technology Center 2011 Savings Calculator
35Food Service Technology Center 2011 Savings Calculator
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Number of PCsase, gas
Pans (Ibs/hr)

PCgase, electric (Ibs/hr)

87 93

108 117

| | b

130 140

Eroop= Amount of Energy Absorbed by the food during cooking known as ASTM Energy
to Food (Btu/Ib or kW/Ib)

=105 Btu/Ib37 (gas steamers) or 0.03088 (electric steamers)
EFFgase =Heavy Load Cooking Efficiency for Base Steamer
=15%38 (gas steamers) or 26%° (electric steamers)

HOURSday = Average Daily Operation (hours)

Type of Food Service Hoursday>°

Fast Food, limited menu 4

Fast Food, expanded menu

Pizza

Full Service, limited menu

Full Service, expanded menu

| N| 0| 00| U

Cafeteria

Unknown 640

Custom Varies

F = Food cooked per day (Ibs/day)
= custom or if unknown, use 100 lbs/day*!

CSMueNERGYSTAR = ENERGY STAR Steamer's Time in Manual Steam Mode (% of time)*?

36Production capacity per Food Service Technology Center 2011 Savings Calculator of 23.3333 Ib/hr per pan for electric baseline
steam cookers and 21.6667 lb/hr per pan for natural gas baseline steam cookers. ENERGY STAR® savings calculator uses 23.3
Ib/hr per pan for both electric and natural gas baseline steamers.

37Reference ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COC.

38Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc. for
baseline electric and natural gas steamer heavy cooking load energy efficiencies.

39 Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985.

40Unknown is average of other locations

41Reference amount used by both Food Service Technology Center and ENERGY STAR® savings calculator

42Reference information from the Food Service Technology Center siting that ENERGY STAR® steamers are not typically
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=0%
IDLEeneRrGYSTAR = Idle Energy Rate of ENERGY STAR®43
Number of IDLEenerGY sTar — electric,
Pans IDLEenerGy star— gas, (Btu/hr) (kW)
3 6250 0.40
4 8333 0.53
5 10417 0.67
6 12500 0.80
PCeneray = Production Capacity of ENERGY STAR® Steamer44
Number of PCeneray - .
Pans gas(lbs/hr) PCeneray — electric (Ibs/hr)
4 73 67
5 92 83
6 110 100
EFFenerGysTAR = Heavy Load Cooking Efficiency for ENERGY STAR® Steamer(%)
=38%45 (gas steamer) or 50%*° (electric steamer)
PREnumber = Number of preheats per day

=146 (if unknown, use 1)

APreheat Energy = ( PREnumber * A Préeneat)
Where:

PREnumber = Number of Preheats per Day

operated in constant steam mode, but rather are used in timed mode. Reference ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COC for efficient steamer.
Both baseline & efficient steamer mode values should be considered for users in lllinois market.

43Food Service Technology Center 2011 Savings Calculator

44Production capacity per Food Service Technology Center 2011 Savings Calculator of 18.3333 Ib/hr per pan for gas ENERGY
STAR® steam cookers and 16.6667 Ib/hr per pan for electric ENERGY STAR® steam cookers. ENERGY STAR® savings calculator
uses 16.7 Ib/hr per pan for electric and 20 lb/hr for natural gas ENERGY STAR® steamers.

45Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc. for
Tier 1A and Tier 1B qualified electric and natural gas steamer heavy cooking load energy efficiencies and
http://www.energystar.gov/ia/partners/product_specs/program_reqs/Commercial_Steam_Cookers_Program_Requirements.p
df?7010-36eb

46Reference ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COC and Food
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=147(if unknown, use 1)

PREheat = Preheat energy savings per preheat

11,000 Btu/preheat*® (gas steamer) or 0.5 kWh/preheat*?® (electric steamer)

ACooking Energy = ((1/ EFFBASE) - (1/ EFFENERGY STAR®)) * F * Eroop
Where:
EFFsase =Heavy Load Cooking Efficiency for Base Steamer
=15%°%0 (gas steamer) or 26%%® (electric steamer)
EFFenerGysTAR =Heavy Load Cooking Efficiency for ENERGY STAR® Steamer
=38%°51 (gas steamer) or 50%%3 (electric steamer)
F = Food cooked per day (Ibs/day)

= custom or if unknown, use 100 lbs/day52

Eroop = Amount of Energy Absorbed by the food during cooking known as ASTM Energy to
Food*3

Eroop

Eroop (kWh/Ib)

gas(Btu/Ib)
10554 0.03085

47Reference ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COC and Food

480hio TRM which references 2002 Food Service Technology Center "Commercial Cooking Appliance Technology Assessment"
Chapter 8: Steamers. This is time also used by ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfim?fuseaction=find_a_product.showProductGroup&pgw code=COC. 11,000 Btu/preheat is
from 72,000 Btu/hr * 15 min/hr /60 min/hr for gas steamers and 0.5 kWh/preheat is from 6 kW/preheat * 15 min/hr / 60
min/hr

43 Reference Food Service Technology Center 2011 Savings Calculator values for Baseline Preheat Energy.

50 Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc.
for baseline electric and natural gas steamer heavy cooking load energy efficiencies.

51 Ibid.

52Amount used by both Food Service Technology Center and ENERGY STAR® savings calculator

53Reference ENERGY STAR® savings calculator at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COC.

4bid.

55| bid.
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EXAMPLE

For a gas steam cooker: A 3 pan steamer in a full service restaurant

ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z * 1/100.000
Aldle Energy = ((((1- 0.9)* 11000 + 0.9 * 65 * 105 /0.15 )*(7 - (100 / 65)-(1*0.25))) - (((1-0) *
6250+0 *55* 105 /0.38) * (7-(100/ 55) - (1*0.25))))
=188,321
APreheat Energy =(1*11,000)
=11,000
ACooking Energy =(((1/0.15) - (1/ 0.38)) * (100 Ib/day * 105 btu/Ib)))
=42368

ATherms = (188321 + 11000 + 42368) * 365.25 *1/100,000
= 883 therms

For an electric steam cooker: A 3 pan steamer in a cafeteria:

ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z
Aldle Energy =((((2-.9)* 1.0 +.9 * 70 * 0.0308 /0.26 )*(6 - (100 / 70)-(1*.25))) - (((1-0) * 0.4
+0 *50*0.0308 /0.50)* (6-(100/50) - (1*0.25))))
=31.18
APreheat Energy =(1*0.5))
=0.5
ACooking Energy =(((1/0.26) - (1/ 0.5)) * (100 * 0.0308)))
=5.69

AkWh  =(31.18 + 0.5 + 5.69) * 365.25 days
=13,649 kWh

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 30 of 493




Illinois Statewide Technical Reference Manual 4.2.3 Commercial Steam Cooker

SUMMER COINCIDENT PEAK DEMAND SAVINGS
This is only applicable to the electric steam cooker.

AkW = (AkWh/(HOURSDay *DaysYear)) * CF

Where:
CF =Summer Peak Coincidence Factor for measure is provided below for different
locations®®:
Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Daysvear =Annual Days of Operation
=custom or 365.25 days a year
Other values as defined above
EXAMPLE

For 3 pan electric steam cooker located in a cafeteria:

AkW = (AkWh/(HOURSpay *Daysvear)) * CF
= (13,649/ (6 * 365.25)) * 0.36
=2.24 kW

WATER IMPACT DESCRIPTIONS AND CALCULATION

This is applicable to both gas and electric steam cookers.

AWater = (Waase -Weneraystare)*HOURSDay * Daysvear

Where
Wease = Water Consumption Rate of Base Steamer (gal/hr)
= 4057
WENERGYSTAR = Water Consumption Rate of ENERGY STAR® Steamer look up®8

56Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985.

S7FSTC (2002). Commercial Cooking Appliance Technology Assessment. Chapter 8: Steamers.

58Source Consortium for Energy Efficiency, Inc. September 2010 "Program Design Guidance for Steamers" for Tier 1A and Tier
1B water requirements. Ohio Technical Reference Manual 2010 for 10 gal/hr water consumption which can be used when Tier
level is not known.
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CEE Tier gal/hr

Tier 1A 15

Tier 1B 4

Avg Efficient 10

Avg Most Efficient 3
Daysvear =Annual Days of Operation

=custom or 365.25 days a year®®

EXAMPLE

For example, an electric 3 pan steamer with average efficiency in a full service restaurant
AWater =(40-10) * 7 * 365.25
= 76,703 gallons

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-STMC-V04-160601

59Source for 365.25 days/yr is ENERGY STAR® savings calculator which references Food Service Technology research on average
use, 2009.
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4.2.4 Conveyor Oven

DESCRIPTION

This measure applies to natural gas fired high efficiency conveyor ovens installed in commercial kitchens replacing
existing natural gas units with conveyor width greater than 25 inches.

Conveyor ovens are available using four different heating processes: infrared, natural convection with a ceramic
baking hearth, forced convection or air impingement, or a combination of infrared and forced convection.
Conveyor ovens are typically used for producing a limited number of products with similar cooking requirements at
high production rates. They are highly flexible and can be used to bake or roast a wide variety of products
including pizza, casseroles, meats, breads, and pastries.

Some manufacturers offer an air-curtain feature at either end of the cooking chamber that helps to keep the
heated air inside the conveyor oven. The air curtain operates as a virtual oven wall and helps reduce both the idle
energy of the oven and the resultant heat gain to the kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas conveyor oven with a tested baking
energy efficiency > 42% and an idle energy consumption rate < 57,000 Btu/hr utilizing ASTM standard F1817.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing pizza deck oven at end of life.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 17 years.®°

DEEMED MEASURE COST

The incremental capital cost for this measure is $180062,

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

%Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011
611bid.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 733 Therms®2,
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-CVOV-V01-120601

52Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary
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4.2.5 ENERGY STAR Convection Oven

DESCRIPTION

This measure applies to natural gas fired ENERGY STAR convection ovens installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas convection oven with a cooking
efficiency > 44% utilizing ASTM standard 1496 and an idle energy consumption rate < 13,000 Btu/hr

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a natural gas convection oven that is not ENERGY STAR certified and is at end of life.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years53

DEEMED MEASURE COST

The incremental capital cost for this measure is $5064

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below, otherwise use deemed value of 306 therms. 65

63 |ifetime from ENERGY STAR commercial griddle which cites reference as “FSTC research on available models, 2009”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

64Measure cost from ENERGY STAR which cites reference as “EPA research on available models using AutoQuotes, 2010”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

65 Algorithms and assumptions derived from ENERGY STAR Oven Commercial Kitchen Equipment Savings
Calculator.http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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ATherms = (ADailyldle Energy + ADailyPreheat Energy + ADailyCooking Energy) * Days /100000
Where:
ADailyldleEnergy = (IdleBase* IdleBaseTime)- (IdleENERGYSTAR * IdleENERGYSTARTime)
ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase) —
(PreheatNumberENERGYSTAR * PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR)
ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)
Where:
HOURSday = Average Daily Operation

= custom or if unknown, use 12 hours
Days = Annual days of operation

= custom or if unknown, use 365.25 days a year
LB = Food cooked per day

= custom or if unknown, use 100 pounds
EffENERGYSTAR = Cooking Efficiency ENERGY STAR

= custom or if unknown, use 44%
EffBase = Cooking Efficiency Baseline

= custom or if unknown, use 30%
PCENERGYSTAR = Production Capacity ENERGY STAR

= custom or if unknown, use 80 pounds/hr
PCBase = Production Capacity base

= custom or if unknown, use 70 pounds/hr
PreheatNumberENERGYSTAR = Number of preheats per day

= custom or if unknown, use 1
PreheatNumberBase = Number of preheats per day

= custom or if unknown, use 1
PreheatTimeENERGYSTAR = preheat length

= custom or if unknown, use 15 minutes
PreheatTimeBase = preheat length

= custom or if unknown, use 15 minutes
PreheatRateENERGYSTAR = preheat energy rate high efficiency

= custom or if unknown, use 44000 btu/h
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 76000 btu/h

IdleENERGYSTAR =Idle energy rate
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= custom or if unknown, use 13000 btu/h
IdleBase = |dle energy rate
= custom or if unknown, use 18000 btu/h
IdleENERGYSTARTime = ENERGY STAR Idle Time
=HOURsday-LB/PCENERGYSTAR —PreHeatTimeENERGYSTAR/60
=12 -100/80 - 15/60
=10.5 hours
IdleBaseTime = BASE Idle Time
= HOURsday-LB/PCbase —PreHeatTimeBase/60
=Custom or if unknown, use
=12 -100/70-15/60
=10.3 hours
EFOOD = ASTM energy to food
= 250 btu/pound

EXAMPLE

For example, an ENERGY STAR Oven with a cooking energy efficiency of 44% and default values from above
would save.

ATherms = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /100000

Where:

ADailyldleEnergy =(18000*10.3)- (13000*10.5)
= 49286 btu

ADailyPreheatEnergy =(1*15/60 *76000) — (1 * 15/ 60 *44000)
= 8000 btu

ADailyCookingEnergy = (100 * 250/ .30) - (100 * 250/ .44)
=26515 btu

ATherms = (49286+8000+26515)* 365.25 /100000
=306 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESCV-V01-120601
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4.2.6 ENERGY STAR Dishwasher

DESCRIPTION

This measure applies to ENERGY STAR high and low temp under counter, stationary single tank door type, single
tank conveyor, and multiple tank conveyor dishwashers, as well as high temp pot, pan, and utensil dishwashers
installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an ENERGY STAR certified dishwasher meeting idle
energy rate (kW) and water consumption (gallons/rack) limits, as determined by both machine type and sanitation
approach (chemical/low temp versus high temp).

ENERGY STAR Requirements (Effective February 1, 2013)

Dishwasher Type \ High Temp Efficiency Requirements Low Temp Efficiency Requirements
‘ Idle Energy Rate ‘Water Consumption Idle Energy Rate = Water Consumption
Under Counter <0.50 kW <0.86 GPR <0.50 kW <1.19 GPR
Stationary Single Tank Door <0.70 kW <0.89 GPR <0.60 kW <1.18 GPR
Pot, Pan, and Utensil <1.20 kW <0.58 GPSF <1.00 kW <0.58 GPSF
Single Tank Conveyor <1.50 kW <0.70 GPR <1.50 kW <0.79 GPR
Multiple Tank Conveyor <2.25kwW <0.54 GPR <2.00 kW <0.54 GPR

DEFINITION OF BASELINE EQUIPMENT

THE BASELINE EQUIPMENT IS A NEW DISHWASHER THAT IS NOT ENERGY STAR CERTIFIED.DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be®

Dishwasher Type W
Under Counter 10
Stationary Single Tank Door 15
Single Tank Conveyor 20
Multi Tank Conveyor 20
Under Counter 10
Stationary Single Tank Door 15
Single Tank Conveyor 20
Multi Tank Conveyor 20
Pot, Pan, and Utensil 10

66 Lifetime from ENERGY STAR Commerical Kitchen Equipment Savings Calculator which cites reference as “EPA/FSTC research
on available models, 2013”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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DEeMED MEASURE COST

The incremental capital cost for this measure is provided below:¢7

Dishwasher Type Incremental Cost
Under Counter $50
Stationary Single Tank Door S0
Single Tank Conveyor S0
Multi Tank Conveyor $970
Under Counter $120
Stationary Single Tank Door $770
Single Tank Conveyor $2,050
Multi Tank Conveyor $970
Pot, Pan, and Utensil $1,710

LOADSHAPE
Loadshape C01 - Commercial Electric Cooking
COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different restaurant types®8:

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36

67 Measure cost from ENERGY STAR Commercial Kitchen Equipment Savings Calculator which cites reference as “EPA research
on available models using AutoQuotes, 2012”

68 Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985
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Algorithm

CALCULATION OF SAVINGS

ENERGY STAR dishwashers save energy in three categories: building water heating, booster water heating and idle

energy. Building water heating and booster water heating could be either electric or natural gas.

ELECTRIC ENERGY SAVINGS

Custom calculation below, otherwise use deemed values found within the tables that follow.

Where:

Where:

AkWh®® = ABuildingEnergy + ABoosterEnergy’® + AldleEnergy

ABuildingEnergy = Change in annual electric energy consumption of building water heater

ABoosterEnergy

AldleEnergy

WaterUsesgase

WaterUseestar

RacksWashed

Days

AT] n

1.0
8.2

= [(WaterUsesase * RacksWashed * Days) * (ATin *1.0 * 8.2 + Effueater + 3,413)] -
[(WaterUseestar * RacksWashed * Days) * (ATin ¥1.0 * 8.2 + Effveater + 3,413)]

= Annual electric energy consumption of booster water heater

= [(WaterUsesase * RacksWashed * Days) * (ATin *1.0 * 8.2 + Effueater + 3,413)] -
ESTAR in ¥1. .2 + EffHeater+ 3,
[(WaterUse * RacksWashed * Days) * (ATin *1.0 * 8.2 + Eff +3,413)]

= Annual idle electric energy consumption of dishwasher
= [IdleDrawsgase* (Hours *Days — Days * RacksWashed * WashTime + 60)] —
[IdleDrawestar* (Hours *Days — Days * RacksWashed * WashTime + 60)]

= Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Number of racks washed per day

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Annual days of dishwasher operation
= Custom or if unknown, use 365.25 days per year
= Inlet water temperature increase (°F)

= Custom or if unknown, use 70 °F for building water heaters and 40 °F for booster
water heaters

= Specific heat of water (Btu/Ib/°F)

= Density of water (lb/gal)

89Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings
Calculator.http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
70 Booster water heater energy only applies to high-temperature dishwashers.
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Effreater = Efficiency of water heater

= Custom or if unknown, use 98% for electric building and booster water heaters
3,413 = kWh to Btu conversion factor
IdleDrawsgase = Idle power draw (kW) of baseline dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

IdleDrawestar = Idle power draw (kW) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

Hours = Average daily hours of dishwasher operation
= Custom or if unknown, use 18 hours per day
WashTime = Typical wash time (min)

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

60 = Minutes to hours conversion factor

EXAMPLE

For example, an ENERGY STAR high-temperature, under counter dishwasher with electric building and electric
booster water heating with defaults from the calculation above and the table below would save:

AkWh = ABuildingEnergy + ABoosterEnergy + AldleEnergy

Where:

ABuildingEnergy = [(1.09 * 75 * 365.25) * (70 *1.0 * 8.2 + 0.98 =+ 3,413)] - [(0.86 * 75 *
365.25) * (70 *1.0 * 8.2 + 0.98 + 3,413)]
=1,081 kWh

ABoosterEnergy =[(1.09 * 75 * 365.25) * (40 *1.0 * 8.2 + 0.98 =+ 3,413)] - [(0.86 * 75 *
365.25) * (40 *1.0 * 8.2 + 0.98 + 3,413)]
=618 kWh

AldleEnergy =[0.76 * (18 *365.25 —365.25 * 75 * 2.0 + 60)] —

[0.50 * (18 *365.25 —365.25 * 75 * 2.0 + 60)]
=1,472 Wh

AkWh =1,081+618+1,472
=3,171 kWh

Default values for WaterUse, RacksWashed, kW\die, and WashTime are presented in the table below.

RacksWashed WashTime WaterUse IdleDraw
ENERGY

All All Conventional Conventional ENERGY
Dishwashers Dishwashers STAR STAR
Under Counter 75 2.0 1.73 1.19 0.50 0.50
Stationary Single Tank Door 280 1.5 2.10 1.18 0.60 0.60
Single Tank Conveyor 400 0.3 1.31 0.79 1.60 1.50

Low Temperature
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Multi Tank Conveyor

All All Conventional ENERGY Conventional ENERGY
Dishwashers Dishwashers STAR STAR
Under Counter . 0.76 0.50
Stationary Single Tank Door . 0.87 0.70
Single Tank Conveyor . 1.93 1.50

Multi Tank Conveyor . 2.59 2.25

High Temperature

Pot, Pan, and Utensil ’ 1.20 1.20

Savings for all water heating combinations are presented in the tables below (calculated without rounding
variables as provided above).

Electric building and electric booster water heating

Dishwasher type kWhgase kWhestar

Under Counter 10,972 8,431 2,541

1| Stationary Single Tank Door 39,306 23,142 16,164
USLEE Single Tank Conveyor 42,230 28,594 13,636
Multi Tank Conveyor 50,112 31,288 18,824

Under Counter 12,363 9,191 3,173
Stationary Single Tank Door 39,852 27,981 11,871

T":rihp Single Tank Conveyor 45,593 36,375 9,218
Multi Tank Conveyor 72,523 45,096 27,426

Pot, Pan, and Utensil 21,079 17,766 3,313

Electric building and natural gas booster water heating

Dishwasher type kWhgase kWhestar

Under Counter 10,972 8,431 2,541

| Stationary Single Tank Door 39,306 23,142 16,164
USLEE Single Tank Conveyor 42,230 28,594 13,636
Multi Tank Conveyor 50,112 31,288 18,824

Under Counter 9,432 6,878 2,554
Stationary Single Tank Door 26,901 19,046 7,856

Tl-tleiihp Single Tank Conveyor 33,115 26,335 6,780
Multi Tank Conveyor 51,655 33,479 18,176

Pot, Pan, and Utensil 14,052 11,943 2,108

Natural gas building and electric booster water heating

Dishwasher type ‘ kWhgase kWhestar AkWh ‘
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Dishwasher type kWhgase kWhestar
Under Counter 2,831 2,831 0
| Stationary Single Tank Door 2,411 2,411 0
USLEE Single Tank Conveyor 9,350 8,766 584
Multi Tank Conveyor 10,958 10,958 0
Under Counter 7,234 5,143 2,090
Stationary Single Tank Door 17,188 12,344 4,844
TI-(Ieirihp Single Tank Conveyor 23,757 18,806 4,951
Multi Tank Conveyor 36,004 24,766 11,238
Pot, Pan, and Utensil 8,781 7,576 1,205

Natural gas building and natural gas booster water heating

Dishwasher type kWhestar
Under Counter 2,831 2,831 0
| Stationary Single Tank Door 2,411 2,411 0
USLEE Single Tank Conveyor 9,350 8,766 584
Multi Tank Conveyor 10,958 10,958 0
Under Counter 4,303 2,831 1,472
Stationary Single Tank Door 4,237 3,409 828
leziihp Single Tank Conveyor 11,279 8,766 2,513
Multi Tank Conveyor 15,136 13,149 1,987
Pot, Pan, and Utensil 1,753 1,753 0
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/ AnnualHours
Where:
AnnualHours = Hours * Days
=18 * 365.25
= 6575 annual hours
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Example:
A low temperature undercounter dishwasher with electric building and booster water heaters would save:
AkW = AkWh/ AnnualHours

=2541/6575

=0.386 kW

NATURAL GAS ENERGY SAVINGS

ATherms’! = ABuildingEnergy + ABoosterEnergy

Where:
ABuildingEnergy = Change in annual natural gas consumption of building water heater
= [(WaterUsesase * RacksWashed * Days)*(ATin * 1.0 * 8.2 + Effreater + 100,000)] -
[(WaterUseestar* RacksWashed * Days)*(ATin * 1.0%8.2 + Effreater + 100,000)]
ABoosterEnergy = Change in annual natural gas consumption of booster water heater
= [(WaterUsesase * RacksWashed * Days)*(ATin * 1.0 * 8.2 + Effreater + 100,000)] -
[(WaterUseestar* RacksWashed * Days)*(ATin * 1.0%8.2 + Effreater + 100,000)]
Where:
WaterUsesase = Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

WaterUseestar = Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

RacksWashed = Number of racks washed per day

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

Days = Annual days of dishwasher operation
= Custom or if unknown, use 365 days per year
ATin = Inlet water temperature increase (°F)

= Custom or if unknown, use 70 °F for building water heaters and 40 °F for booster
water heaters

1.0 = Specific heat of water (Btu/Ib/°F)
8.2 = Density of water (lb/gal)
Effreater = Efficiency of water heater

= Custom or 80% for gas building and booster water heaters

100,000 = Therms to Btu conversion factor

71 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator
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EXAMPLE

For example, an ENERGY STAR high-temperature, under counter dishwasher with gas building and gas booster
water heating with defaults from the calculation above and the table within the electric energy savings
characterization would save:

ATherms = ABuildingEnergy + ABoosterEnergy

Where:

ABuildingEnergy =[(1.09 * 75 * 365.25)*(70 * 1.0 * 8.2 + 0.80 + 100,000)] - [(0.86 * 75 *
365.25)*(70* 1.0 * 8.2 + 0.80 + 100,000)]
=45 therms

ABoosterEnergy = [(1.09 * 75 * 365.25)*(40 * 1.0 * 8.2 + 0.80 + 100,000)] - [(0.86 * 75 *
365.25)*(40* 1.0 * 8.2 + 0.80 + 100,000)]
=26 therms

ATherms =45+ 26
=71 therms

Savings for all water heating combinations are presented in the tables below.

Electric building and natural gas booster water heating

Dishwasher type Thermspase ~ Thermsestar ATherms

Under Counter NA NA NA

0| Stationary Single Tank Door NA NA NA
LEWER Single Tank Conveyor NA NA NA
Multi Tank Conveyor NA NA NA

Under Counter 123 97 26
Stationary Single Tank Door 541 374 168

TTihp Single Tank Conveyor 522 420 102
Stationary Single Tank Door 872 486 387

Pot, Pan, and Utensil 294 243 50

Natural gas building and natural gas booster water heating

Dishwasher type Thermsegase Thermsestar ATherms
Under Counter 340 234 106
1111 | Stationary Single Tank Door 1,543 867 676
USWEH Single Tank Conveyor 1,375 829 546
Multi Tank Conveyor 1,637 850 787
High Under Counter 337 266 71
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Natural gas building and electric booster water heating

Dishwasher type

Thermsegase

Thermsestar

ATherms

11-1y1| Stationary Single Tank Door 1,489 1,027 462
Single Tank Conveyor 1,435 1,154 280
Multi Tank Conveyor 2,399 1,336 1,064
Pot, Pan, and Utensil 808 669 139

Dishwasher type

Thermsegase

Thermsestar

ATherms

Under Counter 340 234 106

a1 | Stationary Single Tank Door 1,543 867 676
LEWER Single Tank Conveyor 1,375 829 546
Multi Tank Conveyor 1,637 850 787

Under Counter 214 169 45
Stationary Single Tank Door 948 654 294

TT:'\hp Single Tank Conveyor 913 735 178
Multi Tank Conveyor 1,527 850 677

Pot, Pan, and Utensil 514 426 88

WATER IMPACT DESCRIPTIONS AND CALCULATION

Where:

AWater = (WaterUseg,s. * RacksWashed * Days) — (WaterUsegsrar * RacksWashed *

WaterUsesgase

Days)

= Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table within the electric energy savings

characterization as determined by machine type and sanitation method
WaterUseestar = Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table within the electric energy savings

characterization as determined by machine type and sanitation method
RacksWashed = Number of racks washed per day

= Custom or if unknown, use value from table within the electric energy savings

characterization as determined by machine type and sanitation method
Days = Annual days of dishwasher operation

= Custom or if unknown, use 365 days per year
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EXAMPLE

For example, an ENERGY STAR low-temperature, under counter dishwasher with defaults from the calculation
above and the table within the electric energy savings characterization would save:

AWater = (WaterUsegase * RacksWashed * Days) - (WaterUsegstar * RacksWashed * Days)

AWater =(1.73* 75 * 365.25) - (1.19* 75 * 365.25)
= 14,793 gallons

Savings for all dishwasher types are presented in the table below.

Annual Water Consumption (gallons)

Baseline ENERGY STAR Savings

Low Temperature

Under Counter 47,391

32,599 14,793

Stationary Single Tank

214,767 120,679 94,088
Door

Single Tank Conveyor 191,391 115,419 75,972

Multi Tank Conveyor 227,916 118,341 109,575

High Temperature

Under Counter

Stationary Single Tank

Door 131,928 91,020 40,908
Single Tank Conveyor 127,107 102,270 24,837
Multi Tank Conveyor 212,576 118,341 94,235
Pot, Pan, and Utensil 71,589 59,317 12,272

29,859

23,559

DeeMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESDW-V02-160601
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4.2.7 ENERGY STAR Fryer

DESCRIPTION

This measure applies to natural gas fired ENERGY STAR fryer installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas fryer with a heavy load cooking efficiency
> 50% utilizing ASTM standard F1361 or F2144.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a natural gas fryer that is not ENERGY STAR certified at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.”?
DEEMED MEASURE COST

The incremental capital cost for this measure is $1200.73
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS'*

Custom calculation below, otherwise use deemed value of 505 Therms.

ATherms = (ADailyldle Energy + ADailyPreheat Energy + ADailyCooking Energy) * Days /100000

72| ifetime from ENERGY STAR commercial griddle which cites reference as “FSTC research on available models, 2009”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

73Measure cost from ENERGY STAR which cites reference as “EPA research on available models using AutoQuotes, 2010”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

74 Algorithms and assumptions derived from ENERGY STAR fryer Commercial Kitchen Equipment Savings
Calculator.http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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Where:
ADailyldleEnergy =(IdleBase* IdleBaseTime) — (IdleENERGYSTAR * IdleENERGYSTARTime)

ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase) -
(PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60 * PreheatRateENERGYSTAR)

ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)

Where:

HOURSday = Average Daily Operation

= custom or if unknown, use 16 hours
Days = Annual days of operation

= custom or if unknown, use 365.25 days a year
LB = Food cooked per day

= custom or if unknown, use 150 pounds
EffENERGYSTAR = Cooking Efficiency ENERGY STAR

= custom or if unknown, use 50%
EffBase = Cooking Efficiency Baseline

= custom or if unknown, use 35%
PCENERGYSTAR = Production Capacity ENERGY STAR

= custom or if unknown, use 65 pounds/hr
PCBase = Production Capacity base

= custom or if unknown, use 60 pounds/hr
PreheatNumberENERGYSTAR = Number of preheats per day

= custom or if unknown, use 1
PreheatNumberBase = Number of preheats per day

= custom or if unknown, use 1
PreheatTimeENERGYSTAR = preheat length

= custom or if unknown, use 15 minutes
PreheatTimeBase = preheat length

= custom or if unknown, use 15 minutes
PreheatRateENERGYSTAR = preheat energy rate high efficiency

= custom or if unknown, use 62000 btu/h
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 64000 btu/h
IdleENERGYSTAR = |dle energy rate

= custom or if unknown, use 9000 btu/h

IdleBase = |dle energy rate
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= custom or if unknown, use 14000 btu/h

IdleENERGYSTARTime = ENERGY STAR Idle Time

= HOURsday-LB/PCENERGYSTAR —PreHeatTimeENERGYSTAR/60

=Custom or if unknown, use
=16 — 150/65-15/60
=13.44 hours
IdleBaseTime = BASE Idle Time
= HOURsday-LB/PCbase —PreHeatTimeBase/60
=Custom or if unknown, use
=16 — 150/60-15/60
=13.25 hours
EFOOD = ASTM energy to food
=570 btu/pound

EXAMPLE

energy rate of 120,981 btu and an Idle Energy Consumption Rate 9000 btu would save.
ATherms = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /100000

Where:

ADailyldleEnergy =(18550*13.25)- (120981 * 13.44)
= 64519 btu

ADailyPreheatEnergy =(1*15/60 *64000) — (1 * 15/ 60 *62000)
=500 btu

ADailyCookingEnergy = (150 * 570/ .35) - (150 * 570/ .5)
=73286 btu

ATherms = (64519+500+73286)* 365.25 /100000
=508 therms

For example, an ENERGY STAR fryer with a tested heavy load cooking energy efficiency of 50% and an idle

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESFR-V01-120601
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4.2.8 ENERGY STAR Griddle

DESCRIPTION

This measure applies to electric and natural gas fired high efficiency griddle installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an ENERGY STAR natural gas or electric griddle with a
tested heavy load cooking energy efficiency of 70 percent (electric) 38 percent (gas) or greater and an idle energy
rate of 2,650 Btu/hr per square foot of cooking surface or less, utilizing ASTM F1275. The griddle must have an Idle
Energy Consumption Rate < 2,600 Btu/hr per square foot of cooking surface.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas or electric griddle that’s not ENERGY STAR certified and is at end
of use.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years™

DEEMED MEASURE COST

The incremental capital cost for this measure is $0 for and electric griddle and $60 for a gas griddle.”®
LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type’:

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36

75 Lifetime from ENERGY STAR commercial griddle which cites reference as “FSTC research on available models, 2009”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

76 Measure cost from ENERGY STAR which cites reference as “EPA research on available models using AutoQuotes, 2010”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG

77Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985
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Algorithm

CALCULATION OF SAVINGS "8

ELECTRIC ENERGY SAVINGS

AkWh = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /1000
Where:

ADailyldleEnergy =[(IdleBase * Width * Depth * (HOURSday — (LB/(PCBase * Width * Depth)) —
(PreheatNumberBase* PreheatTimeBase/60)]- [(IdleENERGYSTAR * Width *
Depth * (HOURSday — (LB/(PCENERGYSTAR * Width * Depth)) —
(PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60]

ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase * Width *
Depth) — (PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR * Width * Depth)

ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)

Where:
HOURSday = Average Daily Operation
= custom or if unknown, use 12 hours
Days = Annual days of operation
= custom or if unknown, use 365.25 days a year
LB = Food cooked per day
= custom or if unknown, use 100 pounds
Width = Griddle Width
= custom or if unknown, use 3 feet
Depth = Griddle Depth
= custom or if unknown, use 2 feet
EffENERGYSTAR = Cooking Efficiency ENERGY STAR
= custom or if unknown, use 70%
EffBase = Cooking Efficiency Baseline
= custom or if unknown, use 65%
PCENERGYSTAR = Production Capacity ENERGY STAR
= custom or if unknown, use 40/6 = 6.67 pounds/hr/sq ft
PCBase = Production Capacity base
= custom or if unknown, use 35/6 = 5.83 pounds/hr/sq ft
PreheatNumberENERGYSTAR = Number of preheats per day

78 Algorithms and assumptions derived from ENERGY STAR Griddle Commercial Kitchen Equipment Savings
Calculator.http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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= custom or if unknown, use 1
PreheatNumberBase = Number of preheats per day

= custom or if unknown, use 1
PreheatTimeENERGYSTAR = preheat length

= custom or if unknown, use 15 minutes
PreheatTimeBase = preheat length

= custom or if unknown, use 15 minutes
PreheatRateENERGYSTAR = preheat energy rate high efficiency

= custom or if unknown, use 8000/6 = 1333 W/sq ft
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 16000/6 = 2667 W/sq ft
IdleENERGYSTAR = Idle energy rate

= custom or if unknown, use 320 W/sq ft
IdleBase = |dle energy rate

= custom or if unknown, use 400 W/sq ft
EFOOD = ASTM energy to food

=139 w/pound

For example, an ENERGY STAR griddle with a tested heavy load cooking energy efficiency of 70 percent or
greater and an idle energy rate of 320 W per square foot of cooking surface or less would save.

ADailyldleEnergy =[400 * 3 * 2 * (12 — (100/(35/6 * 3 * 2)) — (1 *15/60)]- [320 * 3 * 2 * (12 —
(100/(40/6 * 3 * 2)) — (1* 15/60]
=3583 W
ADailyPreheatEnergy =(1* 15/60 * 16000/6 * 3 * 2) — (1* 15/60 * 8000/6 * 3 * 2)
=2000W
ADailyCookingEnergy = (100 * 139/ 0.65) - (100 * 139/ 0.70)
=1527 W
AkWh =(2000+1527+3583) * 365.25 /1000
=2597 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

kw = AkWh/Hours * CF
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For example, an ENERGY STAR griddle in a cafeteria with a tested heavy load cooking energy efficiency of 70
percent or greater and an idle energy rate of 320 W per square foot of cooking surface or less would save

=2597 kWh/4308 * 0.36
=0.22 kW

NATURAL GAS ENERGY SAVINGS

Custom calculation below, otherwise use deemed value of 149 therms.
ATherms = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /100000
Where:

ADailyldleEnergy =[(IdleBase * Width * Depth * (HOURSday - LB/(PCBase * Width * Depth)) —
(PreheatNumberBase* PreheatTimeBase/60)]- [(IdleENERGYSTAR * Width *
Depth * (HOURSday — (LB/(PCENERGYSTAR * Width * Depth)) —
(PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60]

ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase * Width *
Depth) — (PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR * Width * Depth)

ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)

Where (new variables only):
EffENERGYSTAR = Cooking Efficiency ENERGY STAR
= custom or if unknown, use 38%
EffBase = Cooking Efficiency Baseline
= custom or if unknown, use 32%
PCENERGYSTAR = Production Capacity ENERGY STAR
= custom or if unknown, use 45/6 = 7.5 pounds/hr/sq ft
PCBase

Production Capacity base

custom or if unknown, use 25/6 = 4.17 pounds/hr/sq ft
PreheatRateENERGYSTAR = preheat energy rate high efficiency

custom or if unknown, use 60000/6 = 10000 btu/h/sq ft
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 84000/6 = 14000 btu/h/sq ft
IdleENERGYSTAR = |dle energy rate

= custom or if unknown, use 15900/6 = 2650 btu/h/sq ft
IdleBase = |dle energy rate

= custom or if unknown, use 21000/6 = 3500 btu/h/sq ft
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EFOOD = ASTM energy to food
=475 btu/pound

For example, an ENERGY STAR griddle with a tested heavy load cooking energy efficiency of 38 percent or
greater and an idle energy rate of 2,650 Btu/h per square foot of cooking surface or less and an Idle Energy
Consumption Rate < 2,600 Btu/h per square foot of cooking surface would save.

ADailyldleEnergy =[3500 * 3 * 2 * (12 - 100/(25/6* 3 * 2)) — (1* 15/60))]- [(2650 * 3 * 2 * (12 -
(100/(45/6 * 3 * 2)) — (1* 15/60)))]
=11258 Btu
ADailyPreheatEnergy =(1*15/60 * 14,000 * 3 * 2) — (1* 15/60 * 10000 * 3 * 2)
= 6000 btu
ADailyCookingEnergy = (100 * 475/ 0.32) - (100 * 475/ 0.38)
=23438 btu
ATherms = (11258 + 6000 + 23438) * 365.25 /100000
=149 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: CI-FSE-ESGR-V02-160601
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4.2.9 ENERGY STAR Hot Food Holding Cabinets

DESCRIPTION

This measure applies to electric ENERGY STAR hot food holding cabinets (HFHC) installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an ENERGY STAR certified HFHC.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an electric HFHC that’s not ENERGY STAR certified and at end of life.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years’

DEEMED MEASURE COST

The incremental capital cost for this measure is&

HFHC Size Incremental Cost

Full Size (20 cubic feet) $1200
% Size (12 cubic feet) $1800
% Size (8 cubic feet) $1500

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

79 Lifetime from ENERGY STAR HFHC which cites reference as “FSTC research on available models, 2009”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
80 Measure cost from ENERGY STAR which cites reference as “EPA research on available models using AutoQuotes, 2010”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type8!:

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation below, otherwise use deemed values depending on HFHC size82

Cabinet Size Savings (kWh)

Full Size HFHC 9308
% Size HFHC 3942
% Size HFHC 2628

AkWh = HFHCBaselinekWh -HFHCENERGYSTARkWh
Where:
HFHCBaselinekWh = PowerBaseline* HOURSday * Days/1000

PowerBaseline = Custom, otherwise

Cabinet Size Power (W)

Full Size HFHC 2500

% Size HFHC 1200

% Size HFHC 800
HOURSday = Average Daily Operation

= custom or if unknown, use 15 hours

Days = Annual days of operation

81Values taken from Minnesota Technical Reference Manual, ‘Electric Oven and Range’ measure and is based upon “Project on
Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and Il, Claar, et. al., May 1985

82 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings
Calculator.http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=COG
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= custom or if unknown, use 365.25 days a year

HFHCENERGYSTARKWh = PowerENERGYSTAR* HOURSday * Days/1000

PowerENERGYSTAR = Custom, otherwise
% Size HFHC 480
% Size HFHC 320
HOURSday = Average Daily Operation

= custom or if unknown, use 15 hours
Days = Annual days of operation

= custom or if unknown, use 365.25 days a year

For example, if a full size HFHC is installed the measure would save:
AkWh = (PowerBaseline* HOURSday * Days)/1000— (PowerENERGYSTAR* HOURSday * Days)/1000
=(2500*15*365.25)/1000 — (800*15*365.25)/1000
=9,314 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF

Where: Hours = Hoursday *Days

For example, if a full size HFHC is installed in a cafeteria the measure would save:
=9,314 kWh / (15*365.25)* .36
=0 .61 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESHH-V02-160601
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4.2.10 ENERGY STAR Ice Maker

DESCRIPTION

This measure relates to the installation of a new ENERGY STAR qualified commercial ice machine. The ENERGY
STAR label applied to air-cooled, cube-type machines including ice-making head, self-contained, and remote-
condensing units. This measure excludes flake and nugget type ice machines. This measure could relate to the
replacing of an existing unit at the end of its useful life, or the installation of a new system in a new or existing
building.

This measure was developed to be applicable to the following program types: TOS and NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a new commercial ice machine
meeting the minimum ENERGY STAR efficiency level standards.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a commercial ice machine
meeting federal equipment standards established January 1, 2010.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years®.
DeeMED MEASURE COST

The incremental capital cost for this measure is provided below.®*

Harvest Rate (H) Incremental Cost

100-200 Ib ice machine $296
201-300 Ib ice machine $312
301-400 Ib ice machine $559
401-500 Ib ice machine $981
501-1000 Ib ice machine $1,485
1001-1500 Ib ice machine $1,821
>1500 Ib ice machine $2,194

LOADSHAPE

Loadshape C23 - Commercial Refrigeration

83DEER 2008

84These values are from electronic work papers prepared in support of San Diego Gas & Electric’s “Application for Approval of
Electric and Gas Energy Efficiency Programs and Budgets for Years 2009-2011”, SDGE, March 2, 2009. Accessed on 7/7/10
<http://www.sdge.com/regulatory/documents/ee2009-2011Workpapers/SW-
ComB/Food%20Service/Food%20Service%20Electic%20Measure%20Workpapers%2011-08-05.DOC>.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 59 of 493



lllinois Statewide Technical Reference Manual 4.2.10 ENERGY STAR Ice Maker

COINCIDENCE FACTOR

The Summer Peak Coincidence Factor is assumed to equal 0.937

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWH = [(kWhbase — kWhee) / 100] * (DC * H) * 365.25
Where:
kWhpase = maximum kWh consumption per 100 pounds of ice for the baseline equipment

= calculated as shown in the table below using the actual Harvest Rate (H) of the efficient
equipment.

kWhee = maximum kWh consumption per 100 pounds of ice for the efficient equipment

= calculated as shown in the table below using the actual Harvest Rate (H) of the efficient

equipment.

Ice Machine Type kWhbase?® ‘ kWhee?® ‘
Ice Making Head (H < 450) 10.26 - 0.0086*H 9.23-0.0077*H
Ice Making Head (H = 450) 6.89 —0.0011*H 6.20-0.0010*H

Remote Condensing Unit, without

.85-0. *H .05-0. *H
remote compressor (H < 1000) 8.85-0.0038 8.05-0.0035

Remote Condensing Unit, without

1 4.64
remote compressor (H = 1000) > 6

Remote Condensing Unit, with

8.85 - 0.0038*H 8.05 - 0.0035*H
remote compressor (H < 934)

Remote Condensing Unit, with

remote compressor (H > 934) >3 4.82
Self Contained Unit (H < 175) 18 - 0.0469*H 16.7 - 0.0436*H
Self Contained Unit (H > 175) 9.8 9.11
100 = conversion factor to convert kWhbase and kWhee into maximum kWh consumption per pound
of ice.
DC = Duty Cycle of the ice machine
=0.57%

85Baseline reflects federal standards which apply to units manufactured on or after January 1, 2010
<http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div6&view=text&node=10:3.0.1.4.17.8&idno=10>.

86ENERGY STAR Program Requirements for Commercial Ice Machines, Partner Commitments, U.S. Environmental Protection
Agency, Accessed on 7/7/10
<http://www.energystar.gov/ia/partners/product_specs/program_reqs/ice_machine_prog_req.pdf>

87Duty cycle varies considerably from one installation to the next. TRM assumptions from Vermont, Wisconsin, and New York
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H = Harvest Rate (pounds of ice made per day)
= Actual installed

365.35 =days per year

For example an ice machine with an ice making head producing 450 pounds of ice would save
AKWH  =[(6.4-5.8) /100] * (0.57 * 450) * 365.25
=562 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKkW = AkWh / (HOURS * DC) * CF
Where:
HOURS = annual operating hours
= 8766%
CF =0.937

For example an ice machine with an ice making head producing 450 pounds of ice would save
AkW  =562/(8766 * 0.57) * .937
=0.105 kW

NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION

While the ENERGY STAR labeling criteria require that certified commercial ice machines meet certain “maximum
potable water use per 100 pounds of ice made” requirements, such requirements are intended to prevent
equipment manufacturers from gaining energy efficiency at the cost of water consumptions. A review of the AHRI
Certification Directory® indicates that approximately 81% of air-cooled, cube-type machines meet the ENERGY
STAR potable water use requirement. Therefore, there are no assumed water impacts for this measure.

DeeMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESIM-V01-120601

vary from 40 to 57%, whereas the ENERGY STAR Commercial Ice Machine Savings Calculator <
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_Ice_Machines.xls> assumes a value of 75%. A
field study of eight ice machines in California indicated an average duty cycle of 57% (“A Field Study to Characterize Water and
Energy Use of Commercial Ice-Cube Machines and Quantify Saving Potential”, Food Service Technology Center, December
2007). Furthermore, a report prepared by ACEEE assumed a value of 40% (Nadel, S., Packaged Commercial Refrigeration
Equipment: A Briefing Report for Program Planners and Implementers, ACEEE, December 2002). The value of 57% was utilized
since it appears to represent a high quality data source.

88Unit is assumed to be connected to power 24 hours per day, 365.25 days per year.

89AHRI Certification Directory, Accessed on 7/7/10. <http://www.ahridirectory.org/ahridirectory/pages/home.aspx>
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4.2.11 High Efficiency Pre-Rinse Spray Valve

DESCRIPTION

Pre-rise valves use a spray of water to remove food waste from dishes prior to cleaning in a dishwasher. More
efficient spray valves use less water thereby reducing water consumption, water heating cost, and waste water
(sewer) charges. Pre-rinse spray valves include a nozzle, squeeze lever, and dish guard bumper. The primary
impacts of this measure are water savings. Reduced hot water consumption saves either natural gas or electricity,
depending on the type of energy the hot water heater uses.

This measure was developed to be applicable to the following program types: TOS, RF, and DI. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the new or replacement pre-rinse spray nozzle must use less than 1.6 gallons per
minute with a cleanability performance of 26 seconds per plate or less.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment will vary based on the delivery method and is defined below:

Time of Sale ‘ Retrofit, Direct Install

The baseline equipment is assumed | The baseline equipment is assumed to be an existing pre-rinse spray valve with
to be 1.6 gallons per minute. The | a flow rate of 1.9 gallons per minute.®® If existing pre-rinse spray valve flow
Energy Policy Act (EPAct) of 2005 | rate is unknown, then existing pre-rinse spray valve must have been installed
sets the maximum flow rate for pre- | prior to 2006. The Energy Policy Act (EPAct) of 2005 sets the maximum flow
rinse spray valves at 1.6 gallons per | rate for pre-rinse spray valves at 1.6 gallons per minute at 60 pounds per
minute at 60 pounds per square | square inch of water pressure when tested in accordance with ASTM F2324-03.
inch of water pressure when tested | This performance standard went into effect January 1, 2006. However, field
in accordance with ASTM F2324-03. | data shows that not all nozzles in use have been replaced with the newer flow
This performance standard went | rate nozzle. Products predating this standard can use up to five gallons per
into effect January 1, 2006. minute

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 5 years®

DEEMED MEASURE COST

The cost of this measure is assumed to be $10092

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

N/A

%0 Verification measurements taken at 195 installations showed average pre and post flowrates of 2.23 and 1.12 gallon per
minute, respectively.” from IMPACT AND PROCESS EVALUATION FINAL REPORT for CALIFORNIA URBAN WATER
CONSERVATION COUNCIL 2004-5 PRE-RINSE SPRAY VALVE INSTALLATION PROGRAM (PHASE 2) (PG&E Program # 1198-04;
SoCalGas Program 1200-04) (“CUWCC Report”, Feb 2007)

91Reference 2010 Ohio Technical Reference Manual, Act on Energy Business Program Technical Reference Manual Rev05, and
Federal Energy Management Program (2004), "How to Buy a Low-Flow Pre-Rinse Spray Valve."

92Costs range from $60 Chicagoland (Integrys for North Shore & People's Gas) to $150 referenced by Nicor's
CLEAResultWorkpaper WPRSGCCODHW102 "Pre-Rinse Spray Valve." Act on Energy references $100.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 62 of 493



Illinois Statewide Technical Reference Manual 4.2.11 High Efficiency Pre-Rinse Spray Valve

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS (NOTE WATER SAVINGS MUST FIRST BE CALCULATED)

AKWH = AGallons * 8.33 * 1 * (Tout - Tin) * (1/EFF_Elec) /3,413 * FLAG

Where:

AGallons = amount of water saved as calculated below

8.33 = specific mass in pounds of one gallon of water (lbm/gal)

1 = Specific heat of water: 1 Btu/lbm/°F

Tout = Water Heater Outlet Water Temperature
= custom, otherwise assume Tin + 70°F temperature rise from Tin9%3

Tin = Inlet Water Temperature
= custom, otherwise assume 54.1 °F%4

EFF_Elec = Efficiency of electric water heater supplying hot water to pre-rinse spray valve
=custom, otherwise assume 97%9%

Flag =1 if electric or 0 if gas

EXAMPLE

Time of Sale: For example, a new spray nozzle with 1.06 gal/min flow replacing a nozzle with 1.6 gal/min flow
at a large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the
pre-rinse spray valve that is heated by electric hot water saves annually :

AKWH  =30,326x 8.33 x 1 x ((70+54.1) - 54.1) x (1/.97) /3,413 x 1
=5,341kWh

Retrofit: For example, a new spray nozzle with 1.06 gal/min flow replacing a nozzle with 1.9 gal/min flow at a
large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the pre-
rinse spray valve that is heated by electric hot water equals:

AKWH =47,175 x8.33x 1 x((70+54.1) - 54.1) x (1/.97) /3,413 x 1
=8309 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

93If unknown, assume a 70 degree temperature rise from Tin per Food Service Technology Center calculator assumptions to
account for variations in mixing and water heater efficiencies

%4August 31, 2011 Memo of Savings for Hot Water Savings Measures to Nicor Gas from Navigant states that 54.1°F was
calculated from the weighted average of monthly water mains temperatures reported in the 2010 Building America Benchmark
Study for Chicago-Waukegan, Illinois.

95This efficiency value is based on IECC 2012/2015 performance requirement for electric resistant water heaters rounded
without the slight adjustment allowing for reduction based on size of storage tank.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 63 of 493



Illinois Statewide Technical Reference Manual 4.2.11 High Efficiency Pre-Rinse Spray Valve

NATURAL GAS ENERGY SAVINGS

ATherms = AGallons * 8.33 * 1 * (Tout - Tin) * (1/EFF_Gas) /100,000 * (1 — FLAG)
Where (new variables only):

EFF_Gas = Efficiency of gas water heater supplying hot water to pre-rinse spray valve

= custom, otherwise assume 80%26

EXAMPLE

Time of Sale: For example, a new spray nozzle with 1.06 gal/min flow replacing a nozzle with 1.6 gal/min flow at a large
institutional establishments with a cafeteria with 70 degree temperature of water used by the pre-rinse spray valve that
is heated by fossil fuel hot water saves annually:

ATherms =30,326 x8.33 x 1 x ((70+54.1) - 54.1) x (1/.80)/100,000 x (1-0)
=221 Therms

Retrofit: For example, a new spray nozzle with 1.06 gal/min flow replacing a nozzle with 1.9 gal/min flow at a busy
large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the pre-rinse spray
valve that is heated by fossil fuel hot water saves annually:

ATherms =47,175 x8.33 x 1 x ((70+54.1) - 54.1) x (1/.80)/100,000 x (1-0)
=344 Therms

WATER IMPACT CALCULATION®”

AGallons = (FLObase - FLOeff) * 60 * HOURSday * DAYSyear

Where:
FLObase = Base case flow in gallons per minute, or custom (Gal/min)
Time of Sale Retrofit, Direct Install
1.6 gal/min®® 1.9 gal/min®°

FLOeff = Efficient case flow in gallons per minute or custom (Gal/min)

Time of Sale Retrofit, Direct Install

1.06 gal/min100 1.06 gal/min10t

9 JECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment

97In order to calculate energy savings, water savings must first be calculated

%8The baseline equipment is assumed to be 1.6 gallons per minute. The Energy Policy Act (EPAct) of 2005 sets the maximum
flow rate for pre-rinse spray valves at 1.6 gallons per minute at 60 pounds per square inch of water pressure when tested in
accordance with ASTM F2324-03. This performance standard went into effect January 1, 2006.
www1.eere.energy.gov/femp/pdfs/spec_prerinsesprayvavles.pdf.

99 Verification measurements taken at 195 installations showed average pre and post flowrates of 2.23 and 1.12 gallon per
minute, respectively.” from IMPACT AND PROCESS EVALUATION FINAL REPORT for CALIFORNIA URBAN WATER
CONSERVATION COUNCIL 2004-5 PRE-RINSE SPRAY VALVE INSTALLATION PROGRAM (PHASE 2) (PG&E Program # 1198-04;
SoCalGas Program 1200-04) (“CUWCC Report”, Feb 2007)

10016 gallons per minute used to be the high efficiency flow, but more efficient spray valves are available ranging down to 0.64
gallons per minute per Federal Energy Management Program which references the Food Services Technology Center web site
with the added note that even more efficient models may be available since publishing the data. The average of the nozzles
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60 = Minutes per hour
HOURSday = Hours per day that the pre-rinse spray valve is used at the site, custom, otherwise02:
Small, quick- service restaurants 1
Medium-sized casual dining 15
restaurants
Large institutional establishments 3
with cafeteria
DAYSyear = Days per year pre-rinse spray valve is used at the site, custom, otherwise 312 days/yr

based on assumed 6 days/wk x 52 wk/yr = 312 day/yr.

EXAMPLE

Time of Sale: For example, a new spray nozzle with 1.06 gal/min flow replacing a nozzle with 1.6 gal/min flow at a large
institutional establishment with a cafeteria equals

=(1.6-1.06) *60 * 3 * 312
=30,326 gal/yr

Retrofit: For example, a new spray nozzle with 106 gal/min flow replacing a nozzle with 1.9 gal/min flow at a large
institutional establishments with a cafeteria equals

=(1.9-1.06) * 60 * 3 * 312
= 47,175 gal/yr

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: CI-FSE-SPRY-V03-160601

listed on the FSTC website is 1.06.

10176 gallons per minute used to be the high efficiency flow, but more efficient spray valves are available ranging down to 0.64
gallons per minute per Federal Energy Management Program which references the Food Services Technology Center web site
with the added note that even more efficient models may be available since publishing the data. The average of the nozzles
listed on the FSTC website is 1.06.

102 Hours primarily based on PG& E savings estimates, algorithms, sources (2005), Food Service Pre-Rinse Spray Valves with
review of 2010 Ohio Technical Reference Manual and Act on Energy Business Program Technical Resource Manual RevO05.
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4.2.12 Infrared Charbroiler

DESCRIPTION

This measure applies to natural gas fired charbroilers that utilize infrared burners installed in a commercial kitchen

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas charbroiler with infrared burners.
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas charbroiler without infrared burners.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years103

DEEMED MEASURE COST

The incremental capital cost for this measure is $2200104

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 661 Therms.105

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

103Fgod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

1041bid.

105 Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary.
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DeeMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-IRCB-V01-120601
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4.2.13 Infrared Rotisserie Oven

DESCRIPTION

This measure applies to natural gas fired high efficiency rotisserie ovens utilizing infrared burners and installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas rotisserie oven with infrared
burners.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas rotisserie oven without infrared burners.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years106

DEEMED MEASURE COST

The incremental capital cost for this measure is $2700197

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 554 Therms108

106Fpod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

107]bid.

108Njcor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-IROV-V01-120601
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4.2.14 Infrared Salamander Broiler

DESCRIPTION

This measure applies to natural gas fired high efficiency salamander broilers utilizing infrared burners installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas salamander broiler with infrared
burners

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas salamander broiler without infrared burners
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years10°

DEEMED MEASURE COST

The incremental capital cost for this measure is $1000110

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 239 therms11

109Fpod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

1101bid.

111 Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-IRBL-V01-120601
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4.2.15 Infrared Upright Broiler

DESCRIPTION

This measure applies to natural gas fired high efficiency upright broilers utilizing infrared burners and installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas upright broiler with infrared
burners.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas upright broiler without infrared burners.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years!12

DEEMED MEASURE COST

The incremental capital cost for this measure is $5900113

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 1089 therms114,

112Fgod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

1131bid.

114 Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-IRUB-V01-120601
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4.2.16 Kitchen Demand Ventilation Controls

DESCRIPTION

Installation of commercial kitchen demand ventilation controls that vary the ventilation based on cooking load
and/or time of day.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a control system that varies the exhaust rate of
kitchen ventilation (exhaust and/or makeup air fans) based on the energy and effluent output from the cooking
appliances (i.e., the more heat and smoke/vapors generated, the more ventilation needed). This involves installing
a new temperature sensor in the hood exhaust collar and/or an optic sensor on the end of the hood that sense
cooking conditions which allows the system to automatically vary the rate of exhaust to what is needed by
adjusting the fan speed accordingly.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is kitchen ventilation that has constant speed ventilation motor.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.115

DEEMED MEASURE COST

The incremental capital cost for this measure is116

Measure Category Incremental Cost , $/fan

DVC Control Retrofit $1,988

DVC Control New $1,000

LOADSHAPE
Loadshape C23 - Commercial Ventilation
COINCIDENCE FACTOR

The measure has deemed peak kW savings therefore a coincidence factor does not apply

115 pG&E Workpaper: Commercial Kitchen Demand Ventilation Controls-Electric, 2004 - 2005
116 |bid.
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Algorithm

CALCULATION OF SAVINGS

Annual energy use was based on monitoring results from five different types of sites, as summarized in PG&E Food
Service Equipment work paper.

ELECTRIC ENERGY SAVINGS

The following table provides the kWh savings

Annual Energy Savings Per

Measure Name

Unit (kWh/fan)
DVC Control Retrofit 4,486
DVC Control New 4,486

SUMMER COINCIDENT PEAK DEMAND SAVINGS

The following table provides the kW savings

Coincident Peak Demand
Measure Name

Reduction (kW)

DVC Control Retrofit 0.76

DVC Control New 0.76

NATURAL GAS ENERGY SAVINGS

ATherms = CFM * HP* Annual Heating Load /(Eff(heat) * 100,000)

Where:
CFM = the average airflow reduction with ventilation controls per hood
=611 cfm/HP117
HP = actual if known, otherwise assume 7.75 HP
Annual Heating Load = Annual heating energy required to heat fan exhaust make-up air, Btu/cfm

dependent on location!18:

Annual
Heating

Load,
Btu/cfm

1 (Rockford) 154,000

117 pGE Workpaper, Commercial Kitchen Demand Ventilation Controls, PGECOFST116, June 1, 2009, 4,734 cfm reduction on
average , with 7.75 fan horsepower on average.

118 Food Service Technology Center Outside Air Load Calculator, http://www.fishnick.com/ventilation/oalc/oac.php, with inputs
of one cfm, and hours from Commercial Kitchen Demand Ventilation Controls (Average 17.8 hours a day 4.45 am to 10.30 pm).
Savings for Rockford, Chicago, and Springfield were obtained from the calculator; values for Belleview and Marion were
obtained by using the average savings per HDD from the other values.
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Annual
Heating
Load,
Btu/cfm
2-(Chicago) 144,000
3 (Springfield) 132,000
4-(Belleville) 102,000
5-(Marion) 104,000
Eff(heat) = Heating Efficiency

= actual if known, otherwise assume 80%119

100,000 = conversion from Btu to Therm

EXAMPLE
For example, a kitchen hood in Rockford, IL with a 7.75 HP ventilation motor
ATherms =611 *7.75*154,000 / (0.80 * 100,000)

=9,115 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-FSE-VENT-V02-140601

115Work Paper WPRRSGNGRO301 CLEAResult"Boiler Tune-Up" which cites Focus on Energy Evaluation Business Programs:
Deemed Savings Manual V1.0, PA Consulting, KEMA, March 22, 2010
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4.2.17 Pasta Cooker

DESCRIPTION

This measure applies to natural gas fired dedicated pasta cookers as determined by the manufacturer and installed
in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas fired paste cooker.
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas fired stove where pasta is cooked in a pan.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12120,

DEEMED MEASURE COST

The incremental capital cost for this measure is $240012L,

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 1380 Therms122,

120Fpod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

1211bid.

122Njcor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-PCOK-V01-120601
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4.2.18 Rack Oven - Double Oven

DESCRIPTION

This measure applies to natural gas fired high efficiency rack oven - double oven installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas rack oven —double oven with a
baking efficiency > 50% utilizing ASTM standard 2093

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas rack oven — double oven with a baking efficiency < 50%.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.123

DEEMED MEASURE COST

The incremental capital cost for this measure is $8646.124

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 2064 therms125

123Fpod Service Technology Center, ENERGY STAR and CEE do not currently provide calculators for this type of equipment
therefore deemed values from Nicor Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant
to Order Docket 10-0562, May 27, 2011

1241bid.

125Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEeASURE CopEe CI-FSE-RKOV-V01-120601
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4.2.19 ENERGY STAR Electric Convection Oven

DESCRIPTION

Commercial convection ovens that are ENERGY STAR certified have higher heavy load cooking efficiencies, and
lower idle energy rates, making them on average about 20 percent more efficient than standard models. Energy
savings estimates are for ovens using full size (18” x 36”) sheet pans.

This measure was developed to be applicable to the following program types; TOS.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be an ENERGY STAR qualified electric convection oven.
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a standard convection oven with a heavy load efficiency of 65%.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.126

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $800 for half size units and $1000 for full size!?”
LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building typel28:

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40

126 Food Service Technology Center (FSTC). Default value from life cycle cost calculator.
http://www.fishnick.com/saveenergy/tools/calculators/eovencalc.php

127 Based on data from the Regional Technical Forum for the Northwest Council
(http://rtf.nwcouncil.org/measures/com/ComCookingConvectionOven v2 0.xlsm) using actual list prices for 23 units from
2012, see “ComCookingConvectionOven_v2_0.xlsm”.

128\Minnesota 2012 Technical Reference Manual, Electric Food Service v03.2.xls,
http://mn.gov/commerce/energy/topics/conservation/Design-Resources/Deemed-Savings.jspech. Unknown is an average of
other location types
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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = kWHobase - kWheft

kWh = [(LB * Erooo/EFF) + (IDLE * (HOURSpay — LB/PC — PRETme/60)) + PREeneray] * DAYS
Where:

kWHpbase =the annual energy usage of the baseline equipment calculated using baseline values

KWHet =the annual energy usage of the efficient equipment calculated using efficient values

HOURSpay = daily operating hours

= Actual, defaults:

Type of Food Service HOURSpay 12°

Fast Food, limited menu 4
Fast Food, expanded menu 5
Pizza 8
Full Service, limited menu 8
Full Service, expanded menu 7
Cafeteria 6
Unknown 6130
Custom Varies
DAYS = Days per year of operation
= Actual, default = 365131
PRETiME = Preheat time (min/day), the amount of time it takes a steamer to reach operating

temperature when turned on

=15 min/day132

12%Minnesota 2012 Technical Reference Manual, Electric Food Service_v03.2.xls,
http://mn.gov/commerce/energy/topics/conservation/Design-Resources/Deemed-Savings.jspech

130ynknown is average of other locations

131 Food Service Technology Center (FSTC). Default value from life cycle cost calculator.
http://www.fishnick.com/saveenergy/tools/calculators/eovencalc.php

132 Food Service Technology Center (2002). Commercial Cooking Appliance Technology Assessment. Prepared by Don Fisher.
Chapter 7: Ovens
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Eroop = ASTM Energy to Food (kWh/Ib); the amount of energy absorbed by the food during
cooking, per pound of food

=0.0732133
LB = pounds of food cooked per day (lb/day)

= Actual, default = 100134

EFF = Heavy load cooking energy efficiency (%). See table below.
IDLE = |dle energy rate. See table below.

PC = Production capacity (lbs/hr). See table below.

PREenerGY = Preheat energy (kWh/day). See table below.

Performance Metrics: Baseline and Efficient Values

Metric ‘ Baseline Model *3° Energy Efficient Model 3¢
1
IDLE (kW) 2 Actual, default = 1.0
EFF 65% Actual, default = 74%
PC (Ib/hr) 70 Actual, default =79

133 American Society for Testing and Materials. Industry standard for Commercial Ovens

134 Food Service Technology Center (FSTC). Default value from life cycle cost calculator.
http://www.fishnick.com/saveenergy/tools/calculators/eovencalc.php

135 Food Service Technology Center (FSTC). Default values from life cycle cost calculator.
http://www.fishnick.com/saveenergy/tools/calculators/eovencalc.php

136 Average ratings of units on ENERGY STAR qualified list as of 10/2014. Preheat energy is not provided so default is provided
based on FSTC life cycle cost calculator.
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EXAMPLE

Using defaults provided above, the savings for a ENERGY STAR Electric Convection Oven in unknown location
are:

kWHbase =[(100 * 0.0732/0.65) + (2 * (6 — 100/70 — 15/60)) + 1.5] * 365
=7,813 kWh

kWhef =[(100 * 0.0732/0.74) + (1 * (6 — 100/79 — 15/60)) + 1.0] * 365
=5,612 kWh

AkWh = kWHbase - kWhest
=7,813-5,612
=2200 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = (AkWh / (HOURSpay * DAYS)) * CF

Where:

AkWh = Annual energy savings (kWh)

CF = Summer Peak Coincidence Factor for measure is provided below for different
building type!3":

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40
EXAMPLE

Using defaults provided above, the savings for a ENERGY STAR Electric Convection Oven in unknown location
are:

AkW =(2200/ (6 * 365)) * 0.40
=0.40

137’Minnesota 2012 Technical Reference Manual, Electric Food Service v03.2.xls,
http://mn.gov/commerce/energy/topics/conservation/Design-Resources/Deemed-Savings.jspech. Unknown is an average of
other location types
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FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE CI-FSE-ECON-V01-150601
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4.3 Hot Water

4.3.1 Storage Water Heater

DESCRIPTION

This measure is for upgrading from minimum code to a high efficiency storage-type water heater. Storage water
heaters are used to supply hot water for a variety of commercial building types. Storage capacities vary greatly
depending on the application. Large consumers of hot water include (but not limited to) industries, hotels/motels
and restaurants.

This measure was developed to be applicable to the following program types: TOS.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The minimum specifications of the high efficiency equipment should be defined by the programs.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a new standard water heater of same type as existing, meeting the
Federal Standard for <75,000 Btuh units and IECC 2015 for all others. If existing type is unknown, assume Gas
Storage Water Heater.

Equipment Type Sub Category Federal Standard Minimum Efficiency*3®

Gas Storage Water Heaters <55 gallon tanks 0.675 —(0.0015 * Rated Storage Volume in Gallons) EF
- * i
< 75,000 Btu/h 555 gallon tanks 0.8012 - (0.00078 RatedEitorage Volume in Gallons)

Gas Storage Water Heaters 80% E:
4 Btu/h/gal
> 75,000 Btu/h <4000 Btu/h/ga Standby Loss: (Q/800 + 110VV)
Electric Water Heaters <55 gallon tanks 0.96 — (0.0003 * rated volume in gallons) EF
< 75,000 Btu/h >55 gallon tanks *3° 2.057 —(0.00113 * rated volume in gallons) EF
Electric Water Heaters <12 kW 0.97 —(0.00132 * rated volume in gallons) EF

>75,000 Btu/h > 12kW Standby Loss: 0.30 + 27/ (%/hr)

V= Rated volume in gallons, Vm = measured volume in gallons.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 Years40

DEeMED MEASURE COST

The full install cost and incremental cost assumptions are provided below. Actual costs should be used where
available#1:

138 <75,000 Btu/h Storage Water Heater and <200,000 Btu/h Tankless Water Heater Federal Standard is DOE Standard 10 CFR
430.32(d). All other standards are from 10 CFR 431.110.

139 |t is assumed that tanks <75,000Btu/h and >55 gallons will not be eligible measures due to the high baseline.

140 DEER 08, EUL_Summary_10-1-08.xIs.

141 Cost information is based upon data from “2010-2012 WAO017 Ex Ante Measure Cost Study Draft Report”, Itron, February 28,
2014. See “NR HW Heater_WAOQ017_MCS Results Matrix - Volume I.xIs” for more information.
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B e T Install Incremental

Cost Cost

Gas Storage Water Heaters Baseline $616 N/A
< 75,000 Btu/h, <55 Gallons Efficient $1,055 $440
0.80 Et $4,886 N/A

0.83 Et $5,106 $220

0.84 Et $5,299 $413

0.85 Et $5,415 $529

Gas St:r;"sg;(\)’ga;fg /:eaters 0.86 Et $5,532 $646
0.87 Et $5,648 $762

0.88 Et $5,765 $879

0.89 Et $5,882 $996
0.90 Et $6,021 $1,135

For electric water heaters the incremental capital cost for this measure is assumed to be'#?

50 gallons $1050

80 gallons $1050

100 gallons $1950

LOADSHAPE
For electric hot water heaters, use Loadshape C02 - Non-Residential Electric DHW.
COINCIDENCE FACTOR

The coincidence factor is assumed to be 0.925 143,

142 Act on Energy Commercial Technical Reference Manual, Table 9.6.1-4

143 Coincidence factor based on Average W in peak period/Max W from Itron eShape data for Missouri, calibrated to Illinois
loads,
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Electric energy savings are calculated for electric storage water heaters per the equations given below.

Electric units €12 kW:

(Tout — Tin) * HotWaterUseggon * YWater * 1 * <EF L - EF1 )
AkWH = elecbase Eff
3412
Where:
Tour =Tank temperature
=125°F
Tin = Incoming water temperature from well or municiple system
= 54°F144
HotWaterUsegalion = Estimated annual hot water consumption (gallons)

= Actual if possible to provide reasonable custom estimate. If not, two
methodologies are provided to develop an estimate:

1. Consumption per water heater capacity
= Consumption/cap * Capacity
Where:

Consumption/cap = Estimate of consumption per gallon of tank
capacity, dependent on building type:14®

Building Type Consumption/cap

Grocery, Convenience Store, and Restaurant 803
Lodging, Hospital, and Multifamily 630
Health Clinic, Church, Warehouse 433

Education, Office, and Retail 594
Industrial 558
Agriculture 558

144 US DOE Building America Program. Building America Analysis Spreadsheet. For Chicago, IL
http://www1.eere.energy.gov/buildings/building america/analysis spreadsheets.html

145 Based on Cadmus analysis. Annual hot water usage in gallons based on CBECS (2003) consumption data of West North
Central (removed outliers of 1,000 kBtuh or less) to calculate hot water usage. Annual hot water gallons per tank size gallons
based on the tank sizing methodology found in ASHRAE 2011 HVAC Applications. Chapter 50 Service Water Heating. Demand
assumptions (gallons per day) for each building type based on ASHRAE Chapter 50 and to LBNL White Paper. LBL-37398
Technology Data Characterizing Water Heating in Commercial Buildings: Application to End Use Forecasting. VEIC consider
these relatively conservative estimates and consider this may be a good variable for future evaluation.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 88 of 493


http://www.energystar.gov/ia/products/appliances/refrig/NAECA_calculation.xls

Illinois Statewide Technical Reference Manual 4.3.1 Storage Water Heater

Building Type Consumption/cap
Average Non Residential 558
Capacity = Capacity of hot water heater in gallons
= Actuall46

147

2. Consumption by Facility Size

Gallons
hot water Days per  Gallons/1000 ft?
Building Type : Unit  Units/1000 ft2 L1 /
per unit year floor area
per day
Small Office 1 person 2.3 250 575
Large Office 1 person 2.3 250 575
Fast Food Rest 0.7 meal/day 784.6 365 200,458
Sit-Down Rest 2.4 meal/day 340 365 297,840
Retail 2 employee 1 365 730
Grocery 2 employee 1.1 365 803
Warehouse 2 employee 0.5 250 250
Elementary School 0.6 person 9.5 200 1,140
Jr High/High School 1.8 person 9.5 200 3,420
Health 90 patient 3.8 365 124,830
Motel 20 room 5 365 36,500
Hotel 14 room 2.2 365 11,242
Other 1 employee 0.7 250 175
yWater = Specific weight capacity of water (lb/gal)
=8.33 lbs/gal
1 = Specific heat of water (Btu/Ib.°F)
EFelecbase = Rated efficiency of baseline water heater expressed as Energy Factor (EF);
Equipment Type Sub Category Federal Standard Minimum Efficiency*®
Electric Water Heaters <55 gallon tanks 0.96 — (0.0003 * rated volume in gallons) EF
< 75,000 Btu/h >55 gallon tanks 14° 2.057 — (0.00113 * rated volume in gallons) EF
<12 kW 0.97 — (0.00132 * rated volume in gallons) EF

Electric Water Heaters

> 75,000 Btu/h v
> 12kw (For >12 kW Units see below)

146 |f the replaced unit is a tankless water heater, an estimate will need to be made of the required storage tank for the
application.

147 Osman Sezgen and Jonathan G. Koomey. Lawrence Berkeley National Laboratory 1995; “Technology Data Characterizing
Water Heating in Commercial Buildings: Application to End-Use Forecasting”. December 1995.

148 <75,000 Btu/h Storage Water Heater and <200,000 Btu/h Tankless Water Heater Federal Standard is DOE Standard 10 CFR
430.32(d). All other standards are from 10 CFR 431.110.

149 1t is assumed that tanks <75,000Btu/h and >55 gallons will not be eligible measures due to the high baseline.
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EFeff = Rated efficiency of efficient water heater expressed as Energy Factor (EF) or Thermal
Efficiency (Ex)
= Actual

3412 = Converts Btu to kWh

For example, for a 200,000 Btu/h, 150 gallon, 90% Thermal Efficiency storage unit with rated standby loss of
1029 BTU/h installed in a 1500 ft? restaurant:

AkWh =((125-54) * (297,840 * 1.5) * 8.33 * 1 * (1/0.8 - 1/0.9))/3412
=10,756 kWh

Electric units > 12kW:

((Tout = Tair) *V * yWater + 1% (SLetecpase — Slegs) ) * 8766

AkWh = 3412
Tair = Ambient Air Temperature
=70°F
\Y = Rated tank volume in gallons
= Actual
Slelecbase = Standby loss of electric baseline unit (%/hr)
=0.30+27/V
SlLef = Nameplate standby loss of new water heater, in BTU/h
8766 = Hours per year

For example, >12kW, 100 gallon storage unit with rated standby loss of 0.5 %/hr:
SLbase =0.3+(27/100)

=0.57%/hr
AkWh =(((125-70) * 100 * 8.33 * 1 * (0.57- 0.5)) * 8766)/3412
= 8,239 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWh
AW = * CF
Hours
Where:
Hours = Full load hours of water heater

= 6461 150

150 Full load hours assumption based on Wh/Max W Ratio from Itron eShape data for Missouri, calibrated to lllinois loads,
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CF = Summer Peak Coincidence Factor for measure

=0.925 151

For example, >12kW, 100 gallon storage unit with rated standby loss of 0.5 %/hr:
AkW =8,239/6,461 * 0.925
=1.18 kW

NATURAL GAS ENERGY SAVINGS

Natural gas energy savings are calculated for natural gas storage water heaters per the equations given below.

(Tyut — Tin) * HotWaterUseggon * YWater * 1 * L —
EFgasbase EFEff
ATherms =
100,000
Where:

100,000 = Converts Btu to Therms

EFgasbase = Rated efficiency of baseline water heater expressed as Energy Factor (EF) or Thermal
Efficiency (Et);

Equipment Type Sub Category Federal Standard Minimum Efficiency*°?
Gas Storage Water Heaters <55 gallon tanks 0.675 —(0.0015 * Rated Storage Volume in Gallons) EF
< 75,000 Btu/h >55 gallon tanks 0.8012 — (0.00078 * Rated Storage Volume in Gallons) EF

Gas Storage Water Heaters

0,
> 75,000 Btu/h < 4000 Btu/h/gal 80% E:

Additional Standby Loss Savings
Gas Storage Water Heaters >75,000 Btu/h can claim additional savings due to lower standby losses.

(SLgasbase B SLeff) * 8766

AThermsStandby = 100,000
Where:

Slgasbase = Standby loss of gas baseline unit (Btu/h)
= /800 + 110VV
Q =Nameplate input rating in Btu/h
\Y = Rated volume in gallons

SlLef = Nameplate standby loss of new water heater, in Btu/h

8766 = Hours per year

151 Coincidence factor based on Average W in peak period/Max W from Itron eShape data for Missouri, calibrated to Illinois
loads,

152 <75,000 Btu/h Storage Water Heater and <200,000 Btu/h Tankless Water Heater Federal Standard is DOE Standard 10 CFR
430.32(d). All other standards are from 10 CFR 431.110.
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For example, for a 200,000 Btu/h, 150 gallon, 90% Thermal Efficiency storage unit with rated standby loss of
1029 BTU/h installed in a 1500 ft? restaurant:

ATherms =((125-54) * (297,840 * 1.5) * 8.33 * 1 * (1/0.8 - 1/0.9))/100,000
=367.0 Therms

AThermssiandby = (((200000/800 + 110 * v150) — 1079) * 8766)/100,000
=49.8 Therms

AThermsTotal =367.0 +49.8
=416.8 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HW_-STWH-V02-160601
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4.3.2 Low Flow Faucet Aerators

DESCRIPTION

This measure relates to the direct installation of a low flow faucet aerator in a commercial building. Expected
applications include small business, office, restaurant, or motel. For multifamily or senior housing, the residential
low flow faucet aerator should be used.

This measure was developed to be applicable to the following program types, DI.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an energy efficient faucet aerator, for bathrooms
rated at 1.5 gallons per minute (GPM) or less, or for kitchens rated at 2.2 GPM or less. Savings are calculated on an
average savings per faucet fixture basis.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a standard bathroom faucet aerator rated at 2.25 GPM or more, or a
standard kitchen faucet aerator rated at 2.75 GPM or more. Note if flow rates are measured, for example through
a Direct Install program, then actual baseline flow rates should be used as opposed to the deemed values.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 9 years.153

DEEMED MEASURE COST

The incremental cost for this measure is $81% or program actual.
LOADSHAPE

Loadshape C02 - Commercial Electric DHW

COINCIDENCE FACTOR

The coincidence factor for this measure is dependent on building type as presented below.

153 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007. "http://neep.org/Assets/uploads/files/emv/emv-library/measure_life_GDS%5B1%5D.pdf"

154 Direct-install price per faucet assumes cost of aerator and install time. (2011, Market research average of $3 and assess and
install time of $5 (20min @ $15/hr)
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Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS

NOTE THESE SAVINGS ARE PER FAUCET RETROFITTED®,

AkWh = %ElectricDHW * ((GPM_base - GPM_low)/GPM_base) * Usage * EPG_electric * ISR

Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
DHW fuel %Electric_DHW ‘
Fossil Fuel 0%
GPM_base = Average flow rate, in gallons per minute, of the baseline faucet “as-used”

=1.391%6 or custom based on metering studies!5” or if measured during DI:
= Measured full throttle flow * 0.83 throttling factor%8

GPM_low = Average flow rate, in gallons per minute, of the low-flow faucet aerator “as-used”
=0.941%9 or custom based on metering studies!®0 or if measured during DI:

= Rated full throttle flow * 0.95 throttling factor16?

155 This algorithm calculates the amount of energy saved per aerator by determining the fraction of water consumption savings
for the upgraded fixture. Due to the distribution of water consumption by fixture type, as well as the different number of
fixtures in a building, several variables must be incorporated.

156 DeOreo, B., and P. Mayer. Residential End Uses of Water Study Update. Forthcoming. ©2015 Water Research Foundation.
Reprinted With Permission.

157 Measurement should be based on actual average flow consumed over a period of time rather than a onetime spot
measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average flow rate due to
occupant behavior which does not always use maximum flow.

158 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.
www.seattle.gov/light/Conserve/Reports/paper_10.pdf

159 Average retrofit flow rate for kitchen and bathroom faucet aerators from sources 2, 4, 5, and 7. This accounts for all
throttling and differences from rated flow rates. Assumes all kitchen aerators at 2.2 gpm or less and all bathroom aerators at
1.5 gpm or less. The most comprehensive available studies did not disaggregate kitchen use from bathroom use, but instead
looked at total flow and length of use for all faucets. This makes it difficult to reliably separate kitchen water use from
bathroom water use. It is possible that programs installing low flow aerators lower than the 2.2 gpm for kitchens and 1.5 gpm
for bathrooms will see a lower overall average retrofit flow rate.

160 Measurement should be based on actual average flow consumed over a period of time rather than a onetime spot
measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average flow rate due to
occupant behavior which does not always use maximum flow.

161 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.
www.seattle.gov/light/Conserve/Reports/paper_10.pdf
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Usage = Estimated usage of mixed water (mixture of hot water from water heater line and cold water
line) per faucet (gallons per year)

= If data is available to provide a reasonable custom estimate it should be used, if not use the
following defaults (or substitute custom information in to the calculation):

Gallons hot . Annual
Estimated % hot o Days .
water per ter f Multiplier gallons mixed
water from er
Building Type unit per 163 - : water per
- Faucets year

day (8) (C) D) faucet

(A*B*C*D)
Small Office 1 person 100% 10 employees per faucet 250 2,500
Large Office 1 person 100% 45 employees per faucet 250 11,250
Fast Food Rest 0.7 meal/day 50% 75 meals per faucet 365 9,581
Sit-Down Rest 2.4 meal/day 50% 36 meals per faucet 365 15,768
Retail 2 employee 100% 5 employees per faucet 365 3,650
Grocery 2 employee 100% 5 employees per faucet 365 3,650
Warehouse 2 employee 100% 5 employees per faucet 250 2,500
Elementary School 0.6 person 50% 50 students per faucet 200 3,000
Jr High/High School 1.8 person 50% 50 students per faucet 200 9,000
Health 90 patient 25% 2 Patients per faucet 365 16,425
Motel 20 room 25% 1 faucet per room 365 1,825
Hotel 14 room 25% 1 faucet per room 365 1,278
Other 1 employee 100% 20 employees per faucet 250 5,000

EPG_electric = Energy per gallon of mixed water used by faucet (electric water heater)

=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_electric * 3412)
=0.0795 kWh/gal for Bath, 0.0969 kWh/gal for Kitchen, 0.0919 kWh/gal for unknown

8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat Capacity of water (btu/Ib-°F)
WaterTemp = Assumed temperature of mixed water

= 86F for Bath, 93F for Kitchen 91F for Unknown?®
SupplyTemp = Assumed temperature of water entering building

= 54.1°F 166

162 Table 2-45 Chapter 49, Service Water Heating, 2007 ASHRAE Handbook, HVAC Applications.

163 Estimated based on data provided in Appendix E; “Waste Not, Want Not: The Potential for Urban Water Conservation in
California”; http://www.pacinst.org/reports/urban_usage/appendix_e.pdf

164 Based on review of the lllinois plumbing code (Employees and students per faucet). Retail, grocery, warehouse and health
are estimates. Meals per faucet estimated as 4 bathroom and 3 kitchen faucets and average meals per day of 250 (based on
California study above) — 250/7 = 36. Fast food assumption estimated.

165 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, directed to
Michigan Evaluation Working Group. If the aerator location is unknown an average of 91% should be used which is based on the
assumption that 70% of household water runs through the kitchen faucet and 30% through the bathroom
(0.7*93)+(0.3*86)=0.91.

166 US DOE Building America Program. Building America Analysis Spreadsheet. For Chicago, IL

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 95 of 493



lllinois Statewide Technical Reference Manual 4.3.2 Low Flow Faucet Aerators

RE_electric = Recovery efficiency of electric water heater
- 98% 167
3412 = Converts Btu to kWh (Btu/kWh)
ISR = In service rate of faucet aerators dependant on install method as listed in table below68
Selection ISR
Direct Install - Deemed 0.95
5
EXAMPLE

For example, a direct installed kitchen faucet in a large office with electric DHW:
AkWh =1 *((1.39-0.94)/1.39) * 11,250 * 0.0969 * 0.95
=335.3 kWh

For example, a direct installed bathroom faucet in an Elementary School with electric DHW:
AkWh =1 %*((1.39-0.94)/1.39) * 3,000 * 0.0795 * 0.95
=73.4 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = (AkWh / Hours) * CF
Where:
AkWh = calculated value above on a per faucet basis
Hours = Annual electric DHW recovery hours for faucet use
= (Usage * 0.54516°)/GPH
= Calculate if usage is custom, if using default usage use:

Annual Recovery

Building Type
Hours

Small Office 24
Large Office 109
Fast Food Rest 93
Sit-Down Rest 153
Retail 36
Grocery 36

http://www1.eere.energy.gov/buildings/building america/analysis spreadsheets.html.

167 Electric water heaters have recovery efficiency of 98%: http://www.ahridirectory.org/ahridirectory/pages/home.aspx

168 ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All Electric Single
Family Home Energy Performance Tune-Up Program Table 3-8

http://ilsagfiles.org/SAG files/Evaluation Documents/ComEd/ComEd%20EPY2%20Evaluation%20Reports/ComEd All Electric

Single Family HEP PY2 Evaluation Report Final.pdf
169 54.5% is the proportion of hot 120F water mixed with 54.1F supply water to give 90°F mixed faucet water.
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Annual Recovery

Building Type
Hours

Warehouse 24

Elementary School 29

Jr High/High School 88

Health 160

Motel 18

Hotel 12

Other 49

Where:
GPH = Gallons per hour recovery of electric water heater calculated for 85.9F temp rise (140-

54.1), 98% recovery efficiency, and typical 12kW electric resistance storage tank.
=56
CF = Coincidence Factor for electric load reduction

= Dependent on building typel™

Building Type Coincidence
Factor
Small Office 0.0064
Large Office 0.0288
Fast Food Rest 0.0084
Sit-Down Rest 0.0184
Retail 0.0043
Grocery 0.0043
Warehouse 0.0064
Elementary School 0.0096
Jr High/High School 0.0288
Health 0.0144
Motel 0.0006
Hotel 0.0004
Other 0.0128

170 Calculated as follows: Assumptions for percentage of usage during peak period (1-5pm) were made and then multiplied by
65/365 (65 being the number of days in peak period) and by the number of total annual recovery hours to give an estimate of
the number of hours of recovery during peak periods. There are 260 hours in the peak period so the probability you will see
savings during the peak period is calculated as the number of hours of recovery during peak divided by 260. See ‘C&I Faucet
Aerator.xls’ for details.
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EXAMPLE

For example, a direct installed kitchen faucet in a large office with electric DHW:
AkW  =335.3/109 * 0.0288
=0.0886 kW
For example, a direct installed bathroom faucet in an Elementary School with electric DHW:
AkW  =73.4/29 * 0.0096

=0.0243 kW

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

ATherms = %FossilDHW * ((GPM_base - GPM_low)/GPM_base) * Usage * EPG_gas * ISR
Where:

%FossilDHW = proportion of water heating supplied by fossil fuel heating
DHW fuel %Fossil_DHW
Electric 0%
Fossil Fuel 100%
EPG_gas = Energy per gallon of mixed water used by faucet (gas water heater)

=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_gas * 100,000)

= 0.00397 Therm/gal for Bath, 0.00484 Therm/gal for Kitchen, 0.00459 Therm/gal for
unknown

Where:
RE_gas = Recovery efficiency of gas water heater
=67% 171
100,000 = Converts Btus to Therms (Btu/Therm)

Other variables as defined above.

171 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing
units is estimated at 75%. Commercial properties are more similar to MF homes than SF homes. MF hot water is often
provided by a larger commercial boiler. This suggests that the average recovery efficiency is somewhere between a typical
central boiler efficiency of .59 and the .75 for single family home. An average is used for this analysis by default.
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EXAMPLE

For example, a direct installed kitchen faucet in a large office with gas DHW:
ATherms =1%*((1.39-0.94)/1.39) * 11,250 * 0.00484 * 0.95

=16.7 Therms

For example, a direct installed bathroom faucet in an Elementary School with gas DHW:

ATherms =1*((1.39 — 0.94)/1.39) * 3,000 * 0.00397 * 0.95

=3.66 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

Agallons = ((GPM_base - GPM_low)/GPM_base) * Usage * ISR

Variables as defined above

EXAMPLE

For example, a direct installed faucet in a large office:
Agallons =((1.39-0.94)/1.39) * 11,250 * 0.95
= 3,640 gallons
For example, a direct installed faucet in a Elementary School:
Agallons =((1.39-0.94)/1.39) * 3,000 * 0.95

=971 gallons

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A
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SOURCES USED FOR GPIM ASSUMPTIONS

Source

Reference

1 2011, DeOreo, William. California Single Family Water Use Efficiency Study. April 20, 2011.

2000, Mayer, Peter, William DeOreo, and David Lewis. Seattle Home Water Conservation Study.
December 2000.

1999, Mayer, Peter, William DeOreo. Residential End Uses of Water. Published by AWWA Research
Foundation and American Water Works Association. 1999.

2003, Mayer, Peter, William DeOreo. Residential Indoor Water Conservation Study. Aquacraft, Inc.

4 Water Engineering and Management. Prepared for East Bay Municipal Utility District and the US EPA.
July 2003.

2011, DeOreo, William. Analysis of Water Use in New Single Family Homes. By Aquacraft. For Salt Lake
City Corporation and US EPA. July 20, 2011.

2011, Aquacraft. Albuguerque Single Family Water Use Efficiency and Retrofit Study. For Albouquerque
Bernalillo County Water Utility Authority. December 1, 2011.

2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the

7 Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in

Buildings.

MEASURE CoDE: CI-HWE-LFFA-V06-160601

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 100 of 493



Illinois Statewide Technical Reference Manual —4.3.3 Low Flow Showerheads

4.3.3 Low Flow Showerheads

DESCRIPTION

This measure relates to the direct installation of a low flow showerhead in a commercial building. Expected
applications include small business, office, restaurant, or small motel. For multifamily or senior housing, the
residential low flow showerhead should be used.

This measure was developed to be applicable to the following program types: DI.
If applied to other program types, the measure savings should be verified
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an energy efficient showerhead rated at 2.0 gallons
per minute (GPM) or less. Savings are calculated on a per showerhead fixture basis.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a standard showerhead rated at 2.5 GPM.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.172

DEEMED MEASURE COST

The incremental cost for this measure is $12173 or program actual.

LOADSHAPE

Loadshape C02 - Commercial Electric DHW

COINCIDENCE FACTOR

The coincidence factor for this measure is assumed to be 2.78%174,

172 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007. Evaluations indicate that consumer dissatisfaction may lead to reductions in persistence, particularly in Multi-Family,
"http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf"

173 Direct-install price per showerhead assumes cost of showerhead (Market research average of $7 and assess and install time
of $5 (20min @ $15/hr)

174 Calculated as follows: Assume 11% showers take place during peak hours (based on:
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-
Homes-Using-Flow-Trace-Analysis.pdf). There are 65 days in the summer peak period, so the percentage of total annual aerator
use in peak period is 0.11*65/365 = 1.96%. The number of hours of recovery during peak periods is therefore assumed to be
1.96% * 369 = 7.23 hours of recovery during peak period. There are 260 hours in the peak period so the probability you will see
savings during the peak period is 7,23/260 = 0..0278
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Algorithm

CALCULATION OF SAVINGS 17°

ELECTRIC ENERGY SAVINGS
Note these savings are per showerhead fixture
AkWh =
%ElectricDHW * ((GPM_base * L_base - GPM_low * L_low) * NSPD * 365.25) * EPG_electric * ISR

Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
=1 if electric DHW, 0 if fuel DHW, if unknown assume 16% 176
GPM_base = Flow rate of the baseline showerhead
= 2.67 for Direct-install programs1??
GPM_low = As-used flow rate of the low-flow showerhead, which may, as a result of

measurements of program evaulations deviate from rated flows, see table below:

Rated Flow

2.0 GPM

1.75 GPM

1.5 GPM
Custom or Actuall’®

L_base = Shower length in minutes with baseline showerhead
=8.20 minl7®
L low = Shower length in minutes with low-flow showerhead
= 8.20 min180
365.25 = Days per year, on average.
NSPD = Estimated number of showers taken per day for one showerhead
EPG_electric = Energy per gallon of hot water supplied by electric

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric * 3412)
=(8.33 ¥ 1.0 * (105 -54.1)) / (0.98 * 3412)
=0.127 kWh/gal

175Based on excel spreadsheet 120911.xls ...on SharePoint

176 Table HC8.9. Water Heating in U.S. Homes in Midwest Region, Divisions, and States, 2009 (RECS)

177 Based on measured data from Ameren IL EM&V of Direct-Install program. Program targets showers that are rated 2.5 GPM
or above.

178 Note that actual values may be either a) program-specific minimum flow rate, or b)program-specific evaluation-based value
of actual effective flow-rate due to increased duration or temperatures. The latter increases in likelihood as the rated flow
drops and may become significant at or below rated flows of 1.5 GPM. The impact can be viewed as the inverse of the throttling
described in the footnote for baseline flowrate.

179 Representative value from sources 1, 2, 3, 4, 5, and 6 (See Source Table at end of measure section)

180 Set equal to L_base.
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8.33 = Specific weight of water (lbs/gallon)

1.0 = Heat Capacity of water (btu/Ib-°F)

ShowerTemp = Assumed temperature of water
=105°F 18!

SupplyTemp = Assumed temperature of water entering house
=54.1°F 18

RE_electric = Recovery efficiency of electric water heater
=98% 183

3412 = Converts Btu to kWh (btu/kWh)

ISR = In service rate of showerhead

= Dependant on program delivery method as listed in table below

Selection ISR184
Direct Install - Deemed 0.98

EXAMPLE

For example, a direct-installed 1.5 GPM showerhead in an office with electric DHW where the
number of showers is estimated at 3 per day:

AkWh =1 * ((2.67*8.20)- (1.5%8.20)) * 3*365.25) *0.127 * 0.98
=1308.4 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWh/Hours * CF

Where:
AkWh = calculated value above
Hours = Annual electric DHW recovery hours for showerhead use
= ((GPM_base * L_base) *NSPD * 365.25 ) * 0.77385 / GPH
Where:

GPH = Gallons per hour recovery of electric water heater calculated for 65.9F temp rise (120-
54.1), 98% recovery efficiency, and typical 4.5kW electric resistance storage tank.

=27.51

181 Shower temperature cited from SBW Consulting, Evaluation for the Bonneville Power Authority, 1994,
http://www.bpa.gov/energy/n/reports/evaluation/residential/faucet aerator.cfm

182 JS DOE Building America Program. Building America Analysis Spreadsheet. For Chicago, IL
http://www1.eere.energy.gov/buildings/building america/analysis spreadsheets.html.

183 Electric water heaters have recovery efficiency of 98%: http://www.ahridirectory.org/ahridirectory/pages/home.aspx

184 Deemed values are from ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation
Report: All Electric Single Family Home Energy Performance Tune-Up Program Table 3-8. Alternative ISRs may be developed for
program delivery methods based on evaluation results.

185 77.3% is the proportion of hot 120F water mixed with 54.1°F supply water to give 105°F shower water
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CF = Coincidence Factor for electric load reduction

=0.0278186

EXAMPLE

For example, a direct-installed 1.5 GPM showerhead in an office with electric DHW where the number
of showers is estimated at 3 per day:

AkW =(1308.4 / 674.1)*0.0278
=0.054 kW

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

ATherms = %FossilDHW * ((GPM_base * L_base - GPM_low * L_low) * NSPD* 365.25) *
EPG_gas * ISR
Where:
%FossilDHW = proportion of water heating supplied by fossil fuel heating
DHW fuel %Fossil_DHW
Electric 0%
Fossil Fuel 100%
Unknown 84%187
EPG_gas = Energy per gallon of Hot water supplied by gas

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_gas * 100,000)

=0.0063 Therm/gal
Where:
RE_gas = Recovery efficiency of gas water heater
=67% 188
100,000 = Converts Btus to Therms (btu/Therm)

Other variables as defined above.

186 Calculated as follows: Assume 11% showers take place during peak hours (based on:
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-
Homes-Using-Flow-Trace-Analysis.pdf). There are 65 days in the summer peak period, so the percentage of total annual aerator
use in peak period is 0.11*65/365.25 = 1.96%. The number of hours of recovery during peak periods is therefore assumed to be
1.96% * 369 = 7.23 hours of recovery during peak period where 369 equals the average annual electric DHW recovery hours for
showerhead use including SF and MF homes with Direct Install and Retrofit/TOS measures. There are 260 hours in the peak
period so the probability you will see savings during the peak period is 7.23/260 = 0.0278

187 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used

188 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing
units is estimated at 75%. Commercial properties are more similar to MF homes than SF homes. MF hot water is often
provided by a larger commercial boiler. This suggests that the average recovery efficiency is somewhere between a typical
central boiler efficiency of .59 and the .75 for single family home. An average is used for this analysis by default.
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EXAMPLE

For example, a direct-installed 1.5 GPM showerhead in an office with gas DHW where the number
of showers is estimated at 3 per day:

ATherms =1.0 * (( 2.67 *8.2) — (1.5 * 8.2)) * 3 * 365.25 * 0.0063 * 0.98

=64.9 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
Agallons = ((GPM_base * L_base - GPM_low * L_low) * NSPD * 365.25 * ISR

Variables as defined above

EXAMPLE

For example, a direct-installed 1.5 GPM showerhead in an office with where the number of showers
is estimated at 3 per day:

Agallons =((2.67 * 8.20)-(1.5 * 8.20)) * 3 * 365.25 * 0.98
=10,302 gallons

DEeMED O&M CoST ADJUSTMENT CALCULATION
N/A

SOURCES

Reference

1 2011, DeOreo, William. California Single Family Water Use Efficiency Study. April 20, 2011.

2000, Mayer, Peter, William DeOreo, and David Lewis. Seattle Home Water Conservation Study.
December 2000.

1999, Mayer, Peter, William DeOreo. Residential End Uses of Water. Published by AWWA
Research Foundation and American Water Works Association. 1999.

2003, Mayer, Peter, William DeOreo. Residential Indoor Water Conservation Study. Aquacraft,
4 Inc. Water Engineering and Management. Prepared for East Bay Municipal Utility District and
the US EPA. July 2003.

2011, DeOreo, William. Analysis of Water Use in New Single Family Homes. By Aquacraft. For
Salt Lake City Corporation and US EPA. July 20, 2011.

2011, Aquacraft. Albuquerque Single Family Water Use Efficiency and Retrofit Study. For
Albuquerque Bernalillo County Water Utility Authority. December 1, 2011.

2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements:
7 Securing the Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy
Efficiency in Buildings.

MEASURE CoDE: CI-HW_-LFSH-V03-150601
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4.3.4 Commercial Pool Covers

DESCRIPTION

This measure refers to the installation of covers on commercial use pools that are heated with gas-fired equipment
located either indoors or outdoors. By installing pool covers, the heating load on the pool boiler will be reduced by
reducing the heat loss from the water to the environment and the amount of actual water lost due to evaporation
(which then requires additional heated water to make up for it).

The main source of energy loss in pools is through evaporation. This is particularly true of outdoor pools where
wind plays a larger role. The point of installing pool covers is threefold. First, it will reduce convective losses due to
the wind by shielding the water surface. Second, it will insulate the water from the colder surrounding air. And
third, it will reduce radiative losses to the night sky. In doing so, evaporative losses will also be minimized, and the
boiler will not need to work as hard in replenishing the pool with hot water to keep the desired temperature.

This measure can be used for pools that (1) currently do not have pool covers, (2) have pool covers that are past
the useful life of the existing cover, or (3) have pool covers that are past their warranty period and have failed.

DEFINITION OF EFFICIENT EQUIPMENT

For indoor pools, the efficient case is the installation of an indoor pool cover with a 5 year warranty on an indoor
pool that operates all year.

For outdoor pools, the efficient case is the installation of an outdoor pool cover with a 5 year warranty on an
outdoor pool that is open through the summer season.

DEFINITION OF BASELINE EQUIPMENT

For indoor pools, the base case is an uncovered indoor pool that operates all year.
For outdoor pools, the base case is an outdoor pool that is uncovered and is open through the summer season.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The useful life of this measure is assumed to be 6 years 189

DEEMED MEASURE COST

The table below shows the costs for the various options and cover sizes. Since this measure covers a mix of various
sizes, the average cost of these options is taken to be the incremental measure cost. 19,

189 The effective useful life of a pool cover is typically one year longer than its warranty period. SolaPool Covers. Pool Covers
Website, FAQ- "How long will my SolaPool cover blanket last?". Pool covers are typically offered with 3 and 5 year warranties
with at least one company offering a 6 year warranty. Conversation with Trade Ally. Knorr Systems

190 pool Cover Costs: Lincoln Commercial Pool Equipment website. Accessed 8/26/11.
http://www.lincolnaquatics.com/shop/catalog/Pool+and+Spa+Covers+and+Accessories/product.htm|?ProductiD=84-010
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Edge Style
Cover Size
Hemmed (indoor) = Weighted (outdoor)
1000-1,999 sq. ft. $2.19 S2.24
2,000-2,999 sq. ft. $2.01 $2.06
3,000+ sq. ft. $1.80 $1.83
Average $2.00 $2.04
LOADSHAPE
N/A
COINCIDENCE FACTOR
N/A
NET To GROSS RATIO
Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

The calculations are based on modeling runs using RSPEC! Energy Smart Pools Software that was created by the
U.S. Department of Energy. 191

ATherms = SavingFactor x Size of Pool

Where
Savings factor = dependant on pool location and listed in table below92
Location ‘ Therm / sq-ft
Indoor 2.61
Outdoor 1.01
Size of Pool = custom input

WATER IMPACT DESCRIPTIONS AND CALCULATION

191 Full method and supporting information found in reference document: IL TRM - Business Pool Covers WorkPaper.docx. Note
that the savings estimates are based upon Chicago weather data.
192 Business Pool Covers.xlsx
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ATherms = WaterSavingFactor x Size of Pool
Where

WaterSavingFactor = Water savings for this measure dependant on pool location and listed in table
below.193,

Annual Savings

Location
Gal / sq-ft
Indoor 15.28
Outdoor 8.94
Size of Pool = Custom input

DEEMED O&M COST ADJUSTMENT CALCULATION

There are no O&M cost adjustments for this measure.

MEASURE coDE: CI-HW_-PLCV-V01-130601

193 |bid.
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4.3.5 Tankless Water Heater

DESCRIPTION

This measure covers the installation of on-demand or instantaneous tankless water heaters. Tankless water
heaters function similar to standard hot water heaters except they do not have a storage tank. When there is a
call for hot water, the water is heated instantaneously as it passes through the heating element and then proceeds
to the user or appliance calling for hot water. Tankless water heaters achieve savings by eliminating the standby
losses that occur in stand-alone or tank-type water heaters and by being more efficient than the baseline storage

hot water heater.

This measure was developed to be applicable to the following program types: TOS, RF, ER.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the tankless water heater
shall be a new electric powered tankless hot water
heater with an energy factor greater than or equal to
0.98 with an output greater than or equal to 5 GPM
output at 70° F temperature rise.

To qualify for this measure, the tankless water heater
shall meet or exceed the efficiency requirements for
tankless hot water heaters mandated by the
International Energy Conservation Code (IECC)
2012/2015, Table C404.2.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be an electric
commercial-grade tanked water heater 50 or more
gallon storage capacity with an energy factor less than
or equal to 0.9 or the water heater is five or more years
old.

The baseline condition is assumed to be a gas-fired
tank-type water heater meeting the efficiency
requirements mandated by the International Energy
conservation Code (IECC) 2012/2015, Table C404.2

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 5 years'®*.

The expected measure life is assumed to be 20 years!®

DEEMED MEASURE COST

The incremental capital cost for an electric tankless heater this measure is assumed to bel%

Output (gpm)
atdeltaT 70

Incremental Cost

$1050

10

$1050

15

$1950

The incremental capital cost for a gas fired tankless heater is as follows:

194 Ohio Technical Reference Manual 8/2/2010 referencing CenterPoint Energy-Triennial CIP/DSM Plan 2010-2012 Report;
Additional reference stating >20 years is at Energy Savers.Gov online at
http://www.energysavers.gov/your_home/water_heating/index.cfm/mytopic=12820

195 |bid.
1% Act on Energy Technical Reference Manual, Table 9.6.2-3
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Program Capital Cost, $ per unit ‘
Retrofit $3,255%%7
Time of Sale or New Construction $2,526%

DEeMED O&M COST ADJUSTMENTS

5100199

LOADSHAPE

Loadshape C02 - Commercial Electric DHW

COINCIDENCE FACTOR

The measure has deemed kW savings therefor a coincidence factor is not applied

197 Based on AOE historical average installation data of 42 tankless gas hot water heaters
198http.//www.mncee.org/getattachment/7b8982e9-4d95-4bc9-8e64-f89033617f37/, Low contractor estimate used to reflect
less labor required in new construction of venting.

199 Water heaters (WH) require annual maintenance. There are different levels of effort for annual maintenance depending if
the unit is gas or electric, tanked or tankless. Electric and gas tank water heater manufacturers recommend an annual tank
drain to clear sediments. Also recommended are “periodic” inspections by qualified service professionals of operating controls,
heating element and wiring for electric WHs and thermostat, burner, relief valve internal flue-way and venting systems for gas
WHs. Tankless WH require annual maintenance by licensed professionals to clean control compartments, burners, venting
system and heat exchangers. This information is from WH manufacturer product brochures including GE, Rennai, Rheem, Takagi
and Kenmore. References for incremental O&M costs were not found. Therefore the incremental cost of the additional annual
maintenance for tankless WH is estimated at $100.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS 20

The annual electric savings from an electric tankless heater is a deemed value and assumed to be:

Outdpet:: a(ng;:‘)) 3 Savings (kWh)
5.0 2,992
10.0 7,905
15.0 12,879

SUMMER COINCIDENT PEAK DEMAND SAVINGS2°1

The annual kW savings from an electric tankless heater is a deemed value and assumed to be:

0utdpet:: a(ng;r(;) At Savings (kW)
5.0
10.0 0.90
15.0 1.47

NATURAL GAS SAVINGS

ATherms =[[Wgal x 8.33 x 1 x (Tout - Tin) x [(1/Eff base) - (1/Eff ee)]]/100,000] +[[(SL x
8,766)/Eff base]] / 100,000 Btu/Therms]

Where:
Wegal = Annual water use for equipment in gallons
= custom, otherwise assume 21,915 gallons 202
8.33 Ibm/gal = weight in pounds of one gallon of water
1 Btu/Ibm°F = Specific heat of water: 1 Btu/lbm/°F
8,766 hr/yr = hours a year
Tout = Unmixed Outlet Water Temperature
= custom, otherwise assume 130 °F293
Tin = Inlet Water Temperature

= custom, otherwise assume 54.1 °F204

200 Act on Energy Technical Reference Manual, Table 9.6.2-3

201 |bid.

202 21,915 gallons is an estimate of 60 gal/day for 365.25 days/yr. If building type is known, reference 2007 ASHRAE Handbook
HVAC Applications p. 49.14 Table 7 Hot Water Demands and Use for Various Types of Buildings to help estimate hot water
consumption.

203 Based on 2010 Ohio Techical Reference Manual and NAHB Research Center, (2002) Performance Comparison of Residential
hot Water Systems. Prepared for National Renewable Energy Laboratory, Golden, Colorado.

204 August 31, 2011 Memo of Savings for Hot Water Savings Measures to Nicor Gas from Navigant states that 54.1°F was
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Eff base = Rated efficiency of baseline water heater expressed as Energy Factor (EF) or
Thermal Efficiency (Et); see table below?205

Input Btu/hr of existing,

tanked water heater SR
Size: <75,000 Btu/hr 0.67 -0.0019*Tank Volume Energy Factor
Size: >75,000 Btu/hr and < o -
155,000 Btu/hr 80% Thermal Efficiency
Size: >155,000 Btu/hr 80% Thermal Efficiency

Where:
Tank Volume = custom input, if unknown assume 60 gallons for Size: < 75,000 Btu/hr

Please note: Units in base case must match units in efficient case. If Energy Factor used
in base case, Energy Factor to be used in efficient case. If Themal Efficiency is used in
base case, Thermal Efficiency must be used in efficient case.

Eff ee = Rated efficiency of efficient water heater expressed as Energy Factor (EF) or
Thermal Efficiency (Eff t)

= custom input, if unknown assume 0.84206
SL = Stand-by Loss in Base Case Btu/hr

= custom input based on formula in table below, if unknown assume unit size in
table below?2%7

Input Btu/h of new, tankless

B — Standby Loss (SL)

Size: < 75,000 Btu/hr 0

Size: >75,000 Btu/hr (Input rating/800)+(110*VTank Volume))
Where:

Tank Volume = custom input, if unknown assume, 60 gallons for <75,000 Btu/hr, 75
gallons for >75,000 Btu/hr and < 155,000 Btu/hr and 150 for Size >155,000 Btu/hr

Input Rating = nameplate Btu/hr rating of water heater

calculated from the weighted average of monthly water mains temperatures reported in the 2010 Building America Benchmark
Study for Chicago-Waukegan, Illinois.

205 International Energy Conservation Code (IECC) 2012/2015, Table C404.2, Minimum Performance of Water-Heating
Equipment

206 Specifications of energy efficient tankless water heater. Reference Consortium for Energy Efficiency (CEE) which maintains a
list of high efficiency tankless water heaters which currently have Energy Factors up to .96. Ameren currently requires
minimum .82 energy factor.

207 Stand-by loss is provided in 2012/2015 IECC, Table C404.2, Minimum Performance of Water-Heating Equipment
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EXAMPLE

For example, a 75,000 Btu/hr tankless unit using 21,915 gal/yr with outlet temperature at 130.0 and inlet
temperature at 54.1, replacing a baseline unit with 0.8 thermal efficiency and standby losses of 1008.3 btu/hr:

ATherms =[[(21,915 x 8.33x 1 x (130 — 54.1) x [(1/.8) - (1/.84)]/100,000] +[(1008.3 x 8,766)/.8]] /
100,000

=115 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
The deemed O&M cost adjustment for a gas fired tankless heater is $100

REFERENCE TABLES

Minimum Performance Water Heating Equipment?°®

208 |nternational Energy Conservation Code (IECC)2012/2015
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TAELE C404 2
MIMIM UM PERFORMANCE OF WATER-HEATING EQUIPMENT
EITE CATEGORY ESUBCATEGORY OR PERFORMANCE TEET
EQUIFMENT TP E (input) RATING CONDITION REQUIRED® ¢ FROCEDURE
<12 Wl Fasistams 087-0001321 EF DOE 10 CFR Fagt 430
Viater heaters, = 12 W Fasistames 1.73 14 165 5L, Btuh ANSI 721.10.3
electric
=24 = ard
< 90 bl Hent purop 093-000132% EF DIOE 10 CFR Part 430
< 76,000 Biwh 20 gl 067-0.0019F EF DOE 10 CFER Fagt 430
= 76,000 Btwh and B0 I,
Stepgeweterheater. |7 o 00 = 4000 Btu/h gel (C4E00 + 110., 7 5L, Ftwh
gas ANSI 721103
166,000 Btwh 4,000 Btuh 805 £,
=145, = gl (CUE00 + 110,/ T) 5L, Btwh
= 60,000 Btwh ard 2 4,000 (Btuh) /gl
000 Bt ds g0 0.62-000 19V, EF DOE 10 CFR Fart 430
Instartnecws
» 4000 Btwhigal
water hembers, = 200,000 Btuwh I 808 E,
gas ANSI 721103
= 4000 Bwhigal and A% E,
2 200,000 Btu/h 210 gal (C4E00 + 110,74 5L, Ftwh
< 106,000 Btwh 20 gl 0.69-0.0019 ¥ EF DOE 10 CFR Fagt 430
Stopge water heaters,
el > 106,000 Btwh = 4,000 Btuhigal 8% £, ANSI Z21.10.3
=4 - & { CUE00 + 110,77 5L, Btwh e
£ 210,000 Btuwh z 4.0[0{3;:?331 and 0.69- 00019, EF DOE 10 CFR Fart 430
Insrrfzneous
saater hesters, 210000 Btuh | = 4-':'3'3{31*5‘”“8:1891 ard 0% E,
el - ANSI Z21.10.3
» 4000 Btwhigel and T894 E,
= 210,000 Btu/h 210 gal (CUE00 + 110,079 5L, Btwh
Hotwater supply boilers, | 2 300000 Btwhand | 2 4,000 Btwhigal and a5
gas and il = 12,500,000 Btwh = 10 gl r
Hotwater supply boilers,| = 0000 Bwhand | = 4000 Buhgaland 800 E, RS
gas = 12,500,000 Btwh 210 gl (/300 + 110,/ T 5L, Btuh A0
Hotwater supply boilers,| = 00000 Btuhand | = 4000 Btuhgaland 784 E,
il = 12,600,000 Etwh =10 gl {C4E00 + 110,/ 5L, Ftwh
Fool hesters, a1 _ T84 E, ASHRAF 146
== and ol
Heat purnp pocl heaters a1 — 40 COP AHRI 1160
Minitur insul=aton
Unfired stor=ge tank= A — requirerpent F-12.5 [marme)
(h - £ . “F)/Bitu

ForsSL *C = [PF) - 321415, 1 Britsh theepal urit perchoue= 02931 W, 1 gallon = 3785 L, 1 British thecrial unit per hour per gallon = 0073 @D,

a. Ene gy factor (EF) and thermal efficiency (£ ) are moiniousy wquiesents. In the EF equaton, iz the mated wolupe in gallons.

b. Swndbe koss (5L is the e Bwsh based onanogrdnal TOFF teppperat e diffe pence bebaee n sioned water and apgbdent wgquirerogen ke, In the 3L aquakon,
is the rarpeplae input e in BEwdh. In the SLequation focelectic waber heabers, is the abed woluope in gallons. In the 3L aquation for il and gas water
heaters and boders, is the raked woluge in @allons,

. Instantaneous waber heak s with input rabes below 200000 Bt moust copoplye with these requitsppents if the water heateris dessgned o heat water o
tegpperaty s 130°F o higher.

MEASURE CoDE: CI-HW_-TKWH-V03-160601
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4.3.6 Ozone Laundry

DESCRIPTION

A new ozone laundry system(s) is added-on to new or existing commercial washing machine(s) using hot water
heated with natural gas. The system generates ozone (Os), a naturally occurring molecule, which helps clean
fabrics by chemically reacting with soils in cold water. Adding an ozone laundry system(s) will reduce the amount
of chemicals, detergents, and hot water needed to wash linens. Using ozone also reduces the total amount of
water consumed, saving even more in energy.

Natural gas energy savings will be achieved at the hot water heater/boiler as they will be required to produce less
hot water to wash each load of laundry. The decrease in hot water usage will increase cold water usage, but
overall water usage at the facility will decrease.

Electric savings can be realized through reduced washer cycle length and reduced pumping load at the boiler
feeding the commercial washers. The increased usage associated with operating the ozone system should also be
accounted for when determining total kWh impact. Data reviewed for this measure characterization indicated that
pumping savings should be accounted for, but washer savings and ozone generator consumption are
comparatively so small that they can be ignored.

The reduced washer cycle length may decrease the dampness of the clothes when they move to the dryer. This can
result in shorter runtimes which result in gas and electrical savings. However, at this time, there is inconclusive
evidence that energy savings are achieved from reduced dryer runtimes so the resulting dryer effects are not
included in this analysis. Additionally, there would be challenges verifying that dryer savings will be achieved
throughout the life of the equipment.

This incentive only applies to the following facilities with on-premise laundry operations:
—  Hotels/motels
—  Fitness and recreational sports centers.
—  Healthcare (excluding hospitals)
—  Assisted living facilities

Ozone laundry system(s) could create significant energy savings opportunities at other larger facility types with on-
premise laundry operations (such as correctional facilities, universities, and staff laundries), however, the results
included in this analysis are based heavily on past project data for the applicable facility types listed above and
may not apply to facilities outside of this list due to variances in number of loads and average pound (lbs.)-capacity
per project site. Projects at these facilities should continue to be evaluated through custom programs and the
applicable facility types and the resulting analysis should be updated based on new information.

This measure was developed to be applicable to the following program types: TOS, RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

A new ozone laundry system(s) is added-on to new or existing commercial washing machine(s) using hot water
heated with natural gas. The ozone laundry system(s) must transfer ozone into the water through:

— Venturi Injection
—  Bubble Diffusion

— Additional applications may be considered upon program review and approval on a case by case
basis
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DEFINITION OF BASELINE EQUIPMENT

The base case equipment is a conventional washing machine system with no ozone generator installed. The
washing machines are provided hot water from a gas-fired boiler.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure equipment effective useful life (EUL) is estimated at 10 years based on typical lifetime of the ozone
generator’s corona discharge unit.209

DEEMED MEASURE COST

The actual measure costs should be used if available. If not a deemed value of $79.84 / lbs capacity should be
used?10,

LOADSHAPE

Loadshape C53 — Flat

COINCIDENCE FACTOR

Past project documentation and data collection is not sufficient to determine a coincidence factor for this
measure. Value should continue to be studied and monitored through additional studies due to limited data points
used for this determination

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric savings can be realized through reduced washer cycle length and reduced pumping load at the boiler
feeding the commercial washers. There is also an increased usage associated with operating the ozone system.
Data reviewed for this measure characterization indicated that while pumping savings is significant and should be
accounted for, washer savings and ozone generator consumption are negligible, counter each other out and are
well within the margin of error so these are not included to simplify the characterization?,

AkWhpump = HP * HPconversion * Hours * %water_savings

209 Aligned with other national energy efficiency programs and confirmed with national vendors

210 Average costs per unit of capacity were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR), as well as from the Nicor Custom
Incentive Program, and the Nicor Emerging Technology Program (ETP). See referenced document Table 2 and RSMeans
Mechanical Cost Data, 31st Annual Edition (2008)

211 Washer savings were reviewed but were considered negligible and not included in the algorithm (0.00082 kWh / Ibs-
capacity, determined through site analysis through Nicor Emerging Technology Program (ETP) and confirmed with national
vendors). Note that washer savings from Nicor’s site analysis are smaller than those reported in a Wl Focus on Energy case
study (0.23kWh/100lbs, Hampton Inn Brookfield, November 2010). Electric impact of operating ozone generator (0.0021 kWh /
Ibs-capacity same source as washer savings) was also considered negligible and not included in calculations. Values should
continue to be studied and monitored through additional studies due to limited data points used for this determination.
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Where:
AkWhpumpe = Electric savings from reduced pumping load
HP = Brake horsepower of boiler feed water pump;

= Actual or use 5 HP if unknown?12

HPconversion = Conversion from Horsepower to Kilowatt
=0.746
Hours = Actual associated boiler feed water pump hours

=800 hours if unknown?13

%water_savings = water reduction factor: how much more efficient an ozone injection washing machine
is compared to a typical conventional washing machine as a rate of hot and cold water

reduction.

= 259214
Using defaults above:

AkWhpump =5*0.746 * 800 * 0.25

=746 kWh
Default per Ib capacity: = AkWhpume / Ib capacity
Where:
Lbs-Capacity = Average Capacity in Ibs of washer
=254.38215

AkWhpuwme / Ib capacity  =746/254.38
= 2.93 kWh/lb-capacity

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Past project documentation and data collection is not sufficient to determine summer coincident peak demand
savings for this measure. Value should continue to be studied and monitored through additional studies due to
limited data points used for this determination. In absence of site-specific data, the summer coincident peak
demand savings should be assumed to be zero.

AkW =0

212 Assumed average horsepower for boilers connected to applicable washer

213 Engineered estimate provided by CLEAResult review of Nicor custom projects. Machines spent approximately 7 minutes per
hour filling with water and were in operation approximately 20 hours per day. Total pump time therefore estimated as 7/60 *
20 * 365 =852 hours, and rounded down conservatively to 800 hours.

214 Average water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 6 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations

215 Average |bs-capacity per project site was generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR), as well as from the Nicor Custom
Incentive Program, and the Nicor Emerging Technology Program (ETP). See referenced document Table 2
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NATURAL GAS SAVINGS

ATherm = Thermgaseiine * %hot_water_savings
Where:
ATherm = Gas savings resulting from a reduction in hot water use, in therm.
Thermeaseline = Annual Baseline Gas Consumption
= WHE * WUtiliz * WUsage_hot
Where:
WHE = water heating energy: energy required to heat the hot water used
= 0.00885 therm/gallon?16
WUtiliz = washer utilitzation factor: the annual pounds of clothes washed per year
= actual, if unknown use 916,150 Ibs laundry?l’, approximately equivalent
to 13 cycles/day
WUsage_hot = hot water usage factor: how much hot water a typical conventional
washing machine utilizes, normalized per pounds of clothes washed
=1.19 gallons/Ibs laundry218
Using defaults above:
Thermsaseline =0.00885 * 916,150 * 1.19
=9,648 therms
Default per lb capacity:
Thermsgaseiine / b capacity =9,648 / 254.38
=37.9 therms / Ib-capacity
%hot_water_savings = hot water reduction factor: how much more efficient an ozone injection

washing machine is, compared to a typical conventional washing machine, as a rate of
hot water reduction

= 81%21°
Savings using defaults above:

ATherm = Thermeaseline * %hot_water_savings

216 Assuming boiler efficiency is the regulated minimum efficiency (80%), per Title 20 Appliance Standard of the California
Energy Regulations (October 2007). The incoming municipal water temperature is assumed to be 55 °F with an average hot
water supply temperature of 140°F, based on default test procedures on clothes washers set by the Department of Energy’s
Office of Energy Efficiency and Renewable Energy (Federal Register, Vol. 52, No. 166). Enthalpies for these temperatures (107
btu/lbs at 140F, 23.07 btu/Ibs at 55F) were obtained from ASHRAE Fundamentals

217 Average utilization factors were generated using data collected from existing ozone laundry projects that received incentives
under the NRR-DR program. Table 3 summarizes data gathered from several NRR-DR projects, Nicor Custom projects, and Nicor
ETP projects

218 Average hot water usage factors were generated using data collected from existing ozone laundry projects that received
incentives under the NRR-DR program. summarizes data gathered from several NRR-DR projects:

219 Average hot water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 5 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations
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=9648 *0.81
= 7,815 therms
Default per Ib capacity:
ATherm / Ib-capacity =7815/254.38

=30.7 therms / Ib-capacity

WATER IMPACT DESCRIPTIONS AND CALCULATION

The water savings calculations listed here account for the combination of hot and cold water used. Savings
calculations for this measure were based on the reduction in total water use from implementing an ozone washing
system to the base case. There are three main components in obtaining this value:

Agallons = WUsage * WUTtiliz * %water_savings
Where:
Agallons = reduction in total water use from implementing an ozone washing system to the base case

WUsage = water usage factor: how efficiently a typical conventional washing machine utilized hot and
cold water normalized per unit of clothes washed

=2.03 gallons/Ibs laundry220
WUtiliz = washer utilitzation factor: the annual pounds of clothes washed per year
= actual, if unknown use 916,150 Ibs laundry?21, approximately equivalent to 13 cycles/day

%water_savings = water reduction factor: how much more efficient an ozone injection washing machine
is compared to a typical conventional washing machine as a rate of hot and cold water
reduction.

= 2504222
Savings using defaults above:
AGallons = WUsage * WUTtiliz * %water_savings
=2.03 * 916,150 * 0.25
= 464,946 gallons
Default per lb capacity:
A Gallons / Ib-capacity = 464,946 / 254.38

= 1,828 gallons / Ib-capacity

220 Average water usage factors were generated using data collected from existing ozone laundry projects that received
incentives under the NRR-DR program. summarizes data gathered from several NRR-DR projects

221 Average utilization factors were generated using data collected from existing ozone laundry projects that received incentives
under the NRR-DR program. Table 3 summarizes data gathered from several NRR-DR projects, Nicor Custom projects, and Nicor
ETP projects

222 Average water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 6 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations
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DEeMED O&M COST ADJUSTMENT CALCULATION
Maintenance is required for the following components annually:223

e Ozone Generator: filter replacement, check valve replacement, fuse replacement, reaction chamber
inspection/cleaning, reaction chamber o-ring replacement

e Air Preparation — Heat Regenerative: replacement of two medias

e Air Preparation — Oxygen Concentrators: filter replacement, pressure relief valve replacement,
compressor rebuild

e  Venturi Injector: check valve replacement

Maintenance is expected to cost $0.79 / Ibs capacity.

REFERENCES

1 "Lodging Report", December 2008, California Travel & Tourism Commission,
http://tourism.visitcalifornia.com/media/uploads/files/editor/Research/CaliforniaTourism_200812.pdf

2 "Health, United States, 2008" Table 120, U.S. Department of Health & Human Services, Centers for Disease

Control & Prevention, National Center for Health Statistics, http://www.cdc.gov/nchs/data/hus/hus08.pdf#120

3 Fourth Quarter 2008 Facts and Fictures, California Department of Corrections & Rehabilitation (CDCR),

http://www.cdcr.ca.gov/Divisions_Boards/Adult_Operations/docs/Fourth_Quarter_2008_Facts_and_Figures.pdf

4 Jail Profile Survey (2008), California Department of Corrections & Rehabilitation (CDCR),

http://www.cdcr.ca.gov/Divisions_Boards/CSA/FSO/Docs/2008_4th_Qtr_JPS_full_report.pdf

5 DEER2011_NTGR_2012-05-16.xls from DEER Database for Energy-Efficient Resources; Version 2011 4.01

found at :http://www.deeresources.com/index.php?option=com content&view=article&id=68&Itemid=60

Under: DEER2011 Update Documentation linked at: DEER2011 Update Net-To-Gross table Cells: T56 and U56

6 The Benefits of Ozone in Hospitality On-Premise Laundry Operations, PG&E Emerging Technologies Program,
Application Assessment Report #0802, April 2009.

7 Federal Register, Vol. 52, No. 166

8 2009 ASHRAE Handbook — Fundamentals, Thermodynamic Properties of Water at Saturation, Section 1.1 (Table
3), 2009

9 Table 2 through 6: Excel file summarizing data collected from existing ozone laundry projects that received

incentives under the NRR-DR program

MEASURE CoDE CI-HW-0ZLD-V01-140601

223 Confirmed through communications with national vendors and available references E.g.
http://ozonelaundry.wordpress.com/2010/11/17/the-importance-of-maintenance/
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4.3.7 Multifamily Central Domestic Hot Water Plants

DESCRIPTION

This measure covers multifamily central domestic hot water (DHW) plants with thermal efficiencies greater than or
equal to 88%. This measure is applicable to any combination of boilers and storage tanks provided the thermal
efficiency of the boilers is greater than 88%. Plants providing other than solely DHW are not applicable to this
measure.

This measure was developed to be applicable to the following program types: TOS, NC, ER.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler(s) must have a Thermal Efficiency of 88% or greater and supply domestic hot water to multi-
family buildings.

DEFINITION OF BASELINE EQUIPMENT

For TOS the baseline boiler is assumed to have a Thermal Efficiency of 80%.224

For Early Replacement the savings are calculated between existing unit and efficient unit consumption during the
remaining life of the existing unit, and between new baseline unit as above and efficient unit consumption for the
remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the domestic hot water boilers is 15 years.225

DEeMED MEASURE COST

TOS: The actual install cost should be used for the efficient case, minus the baseline cost assumption provided
below:

Baseline Installed Cost

Capacity Range per kBtuh??s
<300kBtuh $65 per kBTUh
300 - 2500 kBtuh $38 per kBTUh
>2500 kBtuh $32 per kBTUh
LOADSHAPE
N/A

224 International Energy Conservation Code (IECC) 2012/2015, Table C404.2, Minimum Performance of Water-Heating
Equipment

225 Njcor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.

226 Baseline install costs are based on data from the WO017 Itron California Measure Cost Study, accessed via
http://www.energydataweb.com/cpuc/search.aspx. The data is provided in a file named “MCS Results Matrix — Volume 1”.
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COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

There are no anticipated electrical savings from this measure.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS SAVINGS

Time of Sale:
ATherms = Hot Water Savings + Standby Loss Savings

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

Early Replacment?27;
ATherms for remaining life of existing unit (1st 5 years):

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_exist —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_exist — 1/Eff_ee)) / 100,000]

ATherms for remaining measure life (next 10 years):

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

Where:
MFHH = number of people in Multi-Family House Hold

= Actual. If unknown assume 2.1 persons/unit228

227 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).

228Navigant, ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report Final, May 16, 2012.
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#Units = Number of units served by hot water boiler
= Actual
GPD = Gallons of hot water used per person per day

= Actual. If unknown assume 17.6 gallons per person per day?2°

Days/yr =365.25

VWater = Specific Weight of Water
=8.33 gal/lb

Tout = tank temperature of hot water

=125°F or custom

Tin = Incoming water temperature from well or municiple system
= 54°F230
Eff_base = thermal efficiency of base unit
= 80%231
Eff _ee = thermal efficiency of efficient unit complying with this measure

= Actual. If unknown assume 88%
Eff_exist = thermal efficiency of existing unit

= Actual. If unknown assume 73%232
SL = Standby Loss232

= (Input rating / 800) + (110 * vTank Volume)

Input rating = Name plate input capacity in Btuh
Tank Volume = Rated volume of the tank in gallons
Hours / yr = 8766 hours

229 Deoreo, B., and P. Mayer. Residential End Uses of Water Study Update. Forthcoming. ©2015 Water Research Foundation.
Reprinted With Permission.

230 US DOE Building America Program. Building America Analysis Spreadsheet. For Chicago, IL
http://www1.eere.energy.gov/buildings/building america/analysis spreadsheets.html

21|ECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment

232 Based upon DCEO data provided 10/2014; average age adjusted efficiency of existing units replaced through the program.
Efficiency age adjustment of 0.5% per year based upon NREL “Building America Performance Analysis Procedures for Existing
Homes”.

233 Stand-by loss is provided in IECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment
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100,000 = btu/therm

EXAMPLES

Time of Sale:

For example, an 88% 1000 gallon boiler with 150,000 Btuh input rating installed serving 50 units.
ATherms = Hot Water Savings + Standby Loss Savings

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

=[(2.1 * 50 * 17.6 * 8.33 * 365.25 * 1.0 * (125-54) * (1/0.8 — 1/0.88)) / 100000] +
[((150000/800 + (110 * v1000)) * 8766 * (1/0.8 —1/0.88)) / 100000]

=454 + 37
=490 therms
Early Replacement:

For example, an 88% 1000 gallon boiler with 150,000 Btuh input rating installed serving 50 units replaces a
working unit with unknown efficiency.

ATherms for remaining life of existing unit (1st 5 years):

=[(2.1 * 50 * 17.6 * 8.33 * 365.25 * 1.0 * (125-54) * (1/0.73 — 1/0.88)) / 100000] +
[((150000/800 + (110 * v1000)) * 8766 * (1/0.73 —1/0.88)) / 100000]

=932+75
=1007 therms
ATherms for remaining measure life (next 10 years):
=454 + 37 (as above)
=490 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE coDE: CI-HW_-MDHW-V02-160601
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4.3.8 Controls for Central Domestic Hot Water

DESCRIPTION

Demand control recirculation pumps seek to reduce inefficiency by combining control via temperature and
demand inputs, whereby the controller will not activate the recirculation pump unless both (a) the recirculation
loop return water has dropped below a prescribed temperature (e.g. 100°F) and (b) a CDHW demand is sensed as
water flow through the CDHW system.

This measure was developed to be applicable to the following program types: TOS, RF, NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Re-circulating pump shall cycle on based on (a) the recirculation loop return water dropping below a prescribed
temperature (e.g. 100°F) and (b) a CDHW demand is sensed as water flow through the CDHW system.

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure category are existing, un-controlled Recirculation Pumps on gas-fired Central
Domestic Hot Water Systems.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The effective useful life is 15 years234,

DEEMED MEASURE COST

Incremental Cost: $1,200 235

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

234 Benningfield Group. (2009). PY 2009 Monitoring Report: Demand Control for Multifamily Central Domestic Hot Water.
Folsom, CA: Prepared for Southern California Gas Company, October 30, 2009.

235 Gas Technology Institute. (2014). 1003: Demand-based domestic hot water recirculation Public project report. Des Plaines, IL:
Prepared for Nicor Gas, January 7, 2014.
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Algorithm

CALCULATION OF ENERGY SAVINGSZ*6
ELECTRIC ENERGY SAVINGS

Deemed at 651 kWh?237,

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherms = 55,9238 * nymber of dwelling units

EXAMPLE

For example, an apartment building with 53 units:
ATherms = 55.9 * 53
=2,962.7 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HW_-CDHW-V01-150601

236 See lllinois_Statewide_TRM_Workpaper_Demand Control Central DHW for more details

237 Based on results from the Nicor Gas Emerging Technology Program study, this value is the average kWh saved per pump.
Note this value does not reflect savings from electric units but electrical savings from gas-fired units.

238 Based on results from the Nicor Gas Emerging Technology Program study, this value is the average therms saved per
dwelling unit.
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4.3.9 Heat Recovery Grease Trap Filter

DESCRIPTION

A heat recovery grease trap filter combines grease filters and a heat exchanger to recover heat leaving kitchen
hoods. As a direct replacement for conventional hood mounted filters in commercial kitchens, they are plumbed to
the domestic hot water system to provide preheating energy to incoming water.

This measure was developed to be applicable to the following program types: TOS and RF. If applied to other
program types, the measure savings should be verified. For NC projects, this measure may be applicable if code
requirements are otherwise satisfied.

DEFINITION OF EFFICIENT EQUIPMENT

Grease filters with heat exchangers carrying domestic hot water in kitchen exhaust air ducts.

DEFINITION OF BASELINE EQUIPMENT

Kitchen exhaust air duct with constant air flow23° and no heat recovery.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.240

DEEMED MEASURE COST

Full installation costs, including plumbing materials, labor and any associated contols, should be used for screening
purposes.

LOADSHAPE
Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type241:

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40

239 Savings methodology factors are for a constant speed fan.

240 professional judgement, consistent with expected lifetime of kitchen demand ventilation controls and other kitchen
equipment.

241Minnesota 2012 Technical Reference Manual, Electric Food Service_v03.2.xls,
http://mn.gov/commerce/energy/topics/conservation/Design-Resources/Deemed-Savings.jspech
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

For electric hot water heaters:

AkWh = [(Meal/Day * HW/Meal * Days/Year) * Ibs/gal * BTU/Ib.°F * (AT/filter * Qty_Filter) * 0.00293]

/(NHeaterelec)
Where:
Meal/Day = Average number of meals served per day. If not directly available, see Table 1.
HW/Meal = Hot water required per meal
= 3 gal/meal?42
Days/Year = Number of days kitchen operates per year. If not directly available, see Table 1.
Lbs/gal = weight of water
= 8.3 Ibs/gal
BTU/Ib.°F = Specific heat of water
=1.0
AT/filter = Temperature difference of domestic water across each filter
= 5.8°F/filter243
Qty_Filter = Number of heat recovery grease trap filters installed. If not directly available, see
Table 1.
Commercial Kitchen Load based on Building Type
BuldingType  Meals/Day  ASsumed - Number of
Primary School 400 312 2
Secondary School 600 312 3
e | [ |
Restauran 780 32 ;
Large Hotel 780 356 4
Hospital 800 356 4
NHeaterElec = Efficiency of the Electric water heater.

= Actual. If unknown, use the table C404.2 in IECC 2012 (or IECC 2015 if through new

242 Average dishwashing and faucet water usage taken from Chapter 8, Table 8.3.3 Normalized Annual End Uses of Water in
Select Restaurants in Western United States.

243 Average value based on case studies. Northwinds Sailing, Inc. and North Shore Sustainable Energy, LLC. Angry Trout Café
Kitchen Exhaust Heat Recovery. Minnesota Department of Commerce, Division of Energy Resources, 2012.

244 Commercial Kitchen Loads for listed buildings in U.S. Department of Energy Commercial Reference Building Models of the
National Building Stock, NREL

245 Each filter is 20 X 20 inches.
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construction) to assume values based on code estimates

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF
Where:

Hours = Hours of operation of kitchen exhaust air fan. If not directly available use:

Kitchen Exhaust Fan

Building Type Annual Operating
Hours?4¢
Primary School 4,056
Secondary School 4,056
el I
Full Service
Restaurant >616
Large Hotel 5,340
Hospital 3,916
CF = Summer Peak Coincidence Factor for measure?*7:
Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40

NATURAL GAS SAVINGS
For natural gas hot water heaters:

ATherm = [(Meal/Day * HW/Meal * Days/Year) * Ibs/gal * BTU/Ib .°F * (AT/filter * Qty_Filter] / (NHeatercas *
100,000)

Where:
NHeaterGas = Efficiency of the Gas water heater. If not directly available, use:

= Actual. If unknown, use the table C404.2 in IECC 2012 (or IECC 2015 if through
new construction) to assume values based on code estimates

Other variables as above

246 Exhaust Fan Schedules for listed buildings in U.S. Department of Energy Commercial Reference Building Models of the
National Building Stock, NREL

247Minnesota 2012 Technical Reference Manual, Electric Food Service v03.2.xls,
http://mn.gov/commerce/energy/topics/conservation/Design-Resources/Deemed-Savings.jspech
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WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEemMED O&M CoST ADJUSTMENT CALCULATION

O&M savings may result from reduced filter and hood cleaning frequencies. More research should be done to
understand any potential savings and the associated value.

MEASURE CoDE: CI-HW_-GRTF-V01-160601
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4.4 HVACENnd Use

Many of the commercial HVAC measures use equivalent full load hours (EFLH) to calculate heating and cooling
savings. The tables with these values are included in this section and referenced in each measure.

To calculate the updated EFLHs by building type and climate zone provided below, a TAC Subcommittee utilized
building energy models originally developed for ComEd?*, applying some adjustments and additions for new
building type models and mechanical systems. Based on comparisons with available field data from Navigant24°,
the EFLH calculation was finalized by the Subcommittee to be the annual total (heating or cooling) output (in Btu)
divided by the 95th percentile hourly peak output (heating or cooling) demand (in Btu/hr). This calculation keeps
EFLH independent of modeled systems efficiency (which is utilized in the TRM savings calculation) and buffers EFLH
value from hourly variances in the modeling that are not representative of actual buildings. See “EFLH Description
2015-02-11.doc” for further explanation.

The building characteristics can be found in the reference table named “EFLH Building Descriptions Updated 2014-
11-21.xIsx”.

Heating EFLH

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Assembly 1,787 1,831 1,635 1,089 1,669
Assisted Living 1,683 1,646 1,446 1,063 1,277
College 1,530 1,430 1,276 709 849

Convenience Store 1,481 1,368 1,214 871 973

Elementary School 1,781 1,736 1,531 1,057 1,283
Garage 985 969 852 680 752

Grocery 1,608 1,602 1,404 876 1,047
Healthcare Clinic 1,579 1,620 1,414 963 1,019
High School 1,845 1,857 1,666 1,187 1,388
Hospital - CAV no econ?3° 1,764 1,818 1,549 1,332 1,512
Hospital - CAV econ?%! 1,788 1,853 1,580 1,369 1,555
Hospital - VAV econ?52 731 695 522 314 340

Hospital - FCU 1,325 1,512 1,232 1,448 1,946
Hotel/Motel 1,761 1,712 1,544 1,056 1,290
Hotel/Motel - Common 1,601 1,626 1,548 1,260 1,323

248 A full description of the ComEd model development is found in “ComEd Portfolio Modeling Report. Energy Center of
Wisconsin July 30, 2010”

249 http://www.icc.illinois.gov/downloads/public/edocket/397867.pdf

250 Based on model with single duct reheat system with a fixed outdoor air volume.

251 Based on model with single duct reheat system with airside economizer controls, with constant volume zone reheat boxes
and single speed fan motors.

252 Based on model with single duct reheat system with airside economizer controls, zone VAV reheat boxes and VFD fan
motors.
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Heating EFLH

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Hotel/Motel - Guest 1,758 1,702 1,521 1,018 1,252
Manufacturing Facility 1,048 1,013 939 567 634
MF - High Rise 1,526 1,506 1,373 1,169 1,172
MF - High Rise - Common 1,815 1,762 1,580 1,089 1,406
MF - High Rise - Residential 1,475 1,464 1,330 1,152 1,123
MF - Mid Rise 1,666 1,685 1,450 1,067 1,216
Movie Theater 1,916 1,905 1,718 1,288 1,538
Office - High Rise - CAV no econ 2,020 2,050 1,869 1,252 1,363
Office - High Rise - CAV econ 2,089 2,132 1,960 1,351 1,487
Office - High Rise - VAV econ 1,528 1,558 1,284 759 846
Office - High Rise - FCU 1,118 1,102 952 505 530
Office - Low Rise 1,428 1,425 1,132 692 793
Office - Mid Rise 1,585 1,587 1,342 855 950
Religious Building 1,603 1,504 1,440 1,054 1,205
Restaurant 1,350 1,354 1,216 920 1,091
Retail - Department Store 1,392 1,278 1,200 781 891
Retail - Strip Mall 1,332 1,233 1,090 751 810
Warehouse 1,456 1,357 1,400 875 1,078
Unknown 1,553 1,539 1,369 982 1,139
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Equivalent Full Load Hours for Cooling (EFLHcooling) :

Cooling EFLH
Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Assembly 725 796 937 1,183 932
Assisted Living 1,475 1,457 1,773 2,110 1,811
College 475 481 662 746 806
Convenience Store 1,088 1,067 1,368 1,541 1,371
Elementary School 725 764 905 1,142 956
Garage 934 974 1,226 1,582 1,383
Grocery 1,033 1,000 1,236 1,499 1,286
Healthcare Clinic 1,282 1,305 1,519 1,767 1,571
High School 675 721 840 1,060 920
Hospital - CAV no econ 4,166 4,275 4,319 4,692 4,445
Hospital - CAV econ 1,751 1,814 2,120 2,411 2,112
Hospital - VAV econ 1,531 1,592 1,853 2,163 1,876
Hospital - FCU 3,245 3,291 3,451 4,128 3,806
Hotel/Motel 1,233 1,186 1,436 1,274 1,616
Hotel/Motel - Common 2,186 2,103 2,344 1,391 2,651
Hotel/Motel - Guest 1,042 1,019 1,269 1,216 1,418
Manufacturing Facility 1,010 1,055 1,209 1,453 1,273
MF - High Rise 921 845 1,048 1,779 1,099
MF - High Rise - Common 914 839 1,055 2,893 1,132
MF - High Rise - Residential 899 831 1,011 1,569 1,055
MF - Mid Rise 809 767 992 1,119 993
Movie Theater 876 745 1,036 1,178 1,010
Office - High Rise - CAV no econ 1,688 1,708 1,811 1,865 1,725
Office - High Rise - CAV econ 1,454 1,452 1,551 1,568 1,416
Office - High Rise - VAV econ 875 919 1,057 1,275 1,077
Office - High Rise - FCU 1,117 1,170 1,277 1,642 1,412
Office - Low Rise 949 1,010 1,182 1,452 1,281
Office - Mid Rise 883 938 1,072 1,286 1,083
Religious Building 861 817 967 1,159 1,067
Restaurant 1,074 1,134 1,279 1,627 1,325
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Cooling EFLH
Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Retail - Department Store 949 889 1,124 1,367 1,157
Retail - Strip Mall 950 919 1,149 1,351 1,215
Warehouse 357 338 422 647 533
Unknown 1,215 1,221 1,408 1,670 1,480
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4.4.1 Air Conditioner Tune-up

DESCRIPTION

An air conditioning system that is operating as designed saves energy and provides adequate cooling and comfort
to the conditioned space

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a unitary or split system air
conditioner least 3 tons and preapproved by program. The measure requires that a certified technician performs
the following items:

Check refrigerant charge

Identify and repair leaks if refrigerant charge is low
Measure and record refrigerant pressures

Measure and record temperature drop at indoor coil
Clean condensate drain line

Clean outdoor coil and straighten fins

Clean indoor and outdoor fan blades

Clean indoor coil with spray-on cleaner and straighten fins
Repair damaged insulation — suction line

Change air filter

Measure and record blower amp draw

A copy of contractor invoices that detail the work performed to identify tune-up items, as well as additional labor
and parts to improve/repair air conditioner performance must be submitted to the program

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be an AC system that that does not
have a standing maintenance contract or a tune up within in the past 36 months.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 3 years.253

DEEMED MEASURE COST

The incremental capital cost for this measure is $35254 per ton.

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 2
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

233|bid.

2541bid.

255 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.
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= 47.8% 256

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AKWH = (kBtu/hr) * [(1/EERbefore) — (1/EERafter)] * EFLH
Where:

kBtu/hr = capacity of the cooling equipment actually installed in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr).

=Actual
EERbefore = Energy Efficiency Ratio?®’ of the baseline equipment prior to tune-up
=Actual
EERafter = Energy Efficiency Ratio of the baseline equipment after to tune-up
=Actual
EFLH = Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWssp = (kBtu/hr * (1/EERbefore - 1/EERafter)) * CFssp
AkWpm = (kBtu/hr * (1/ EERbefore - 1/EERafter)) * CFpm

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 8
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% 2>

NATURAL GAS ENERGY SAVINGS

N/A

256Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

257 In the context of this measure Energy Efficiency Ratio (EER) refers to field-measured steady-state rate of heat energy
removal (e.g., cooling capacity) by the equipment in Btuh divided by the steady-state rate of energy input to the equipment in
watts. This ratio is expressed in Btuh per watt (Btuh/watt). The cooling capacity may be derived using either refrigerant or air-
side measurements. The measurement is performed at the outdoor and indoor environmental conditions that are present at
the time the tune-up is being performed, and should be normalized using a correction function to the AHRI 210/240 Standard
test conditions. The correction function should be developed based on manufacturer’s performance data. Care must be taken
to ensure the unit is fully loaded and operating at or near steady-state. Generally this requires that the outside air temperature
is at least 60°F, and that the unit runs with all stages of cooling enabled for 10 to 15 minutes prior to making measurements

258 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

259Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-HVC-ACTU-V03-160601
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4.4.2 Space Heating Boiler Tune-up
DESCRIPTION

This measure is for a non-residential boiler that provides space heating. The tune-up will improve boiler efficiency
by cleaning and/or inspecting burners, combustion chamber, and burner nozzles. Adjust air flow and reduce
excessive stack temperatures, adjust burner and gas input. Check venting, safety controls, and adequacy of
combustion air intake. Combustion efficiency should be measured before and after tune-up using an electronic
flue gas analyzer.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the facility must, as applicable, complete the tune-up requirements280 |isted below, by
approved technician:

e Measure combustion efficiency using an electronic flue gas analyzer

e Adjust airflow and reduce excessive stack temperatures

e Adjust burner and gas input, manual or motorized draft control

e  Check for proper venting

e Complete visual inspection of system piping and insulation

e  Check safety controls

e Check adequacy of combustion air intake

e (Clean fireside surfaces.

¢ Inspect all refractory. Patch and wash coat as required.

¢ Inspect gaskets on front and rear doors and replace as necessary.

e Seal and close front and rear doors properly.

e Clean low and auxiliary low water cut-off controls, then re-install using new gaskets.

e (Clean plugs in control piping.

e Remove all hand hole and man hole plates. Flush boiler with water to remove loose scale and sediment.
e Replace all hand hole and man hole plates with new gaskets.

e Open feedwater tank manway, inspect and clean as required. Replace manway plate with new gasket.
e (Clean burner and burner pilot.

¢  Check pilot electrode and adjust or replace.

e Clean air damper and blower assembly.

e Clean motor starter contacts and check operation.

e  Make necessary adjustments to burner for proper combustion.

e  Perform all flame safeguard and safety trip checks.

e Check all hand hole plates and man hole plates for leaks at normal operating temperatures and pressures.
e Troubleshoot any boiler system problems as requested by on-site personnel

DEFINITION OF BASELINE EQUIPMENT

The baseline condition of this measure is a boiler that has not had a tune-up within the past 36 months

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 3 years26!

260 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
261 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
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DEEMED MEASURE COST

The cost of this measure is $0.83/MBtu/hr252 per tune-up

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

ATherms  =(Capacity * EFLH * (((Effbefore + Ei)/ Effbefore) — 1)) / 100,000

Where:

Capacity = Boiler gas input size (Btu/hr)
= custom

EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End
Use

Effbefore = Efficiency of the boiler before the tune-up

Note: Contractors should select a mid-level firing rate that appropriately represents the average
building operating condition over the course of the heating season and take readings at a
consistent firing rate for pre and post tune-up.

Ei = Efficiency Improvement of the boiler tune-up measure

100,000 = Converts Btu to therms

262\Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012
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EXAMPLE

For example, a 1050 kBtu boiler in a Chicago high rise office records an efficiency prior to tune up of 82% AFUE
and a 1.8% improvement in efficiency are tune up:

Atherms = (1,050,000 * 2050 * ((0.82 + 0.018)/ 0.82 — 1)) /100,000
=473 Therms

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-BLRT-V06-160601
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4.4.3 Process Boiler Tune-up
DESCRIPTION

This measure is for a non-residential boiler for process loads. For space heating, see measure 4.4.2. The tune-up
will improve boiler efficiency by cleaning and/or inspecting burners, combustion chamber, and burner nozzles.
Adjust air flow and reduce excessive stack temperatures, adjust burner and gas input. Check venting, safety
controls, and adequacy of combustion air intake. Combustion efficiency should be measured before and after
tune-up using an electronic flue gas analyzer.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the facility must, as applicable, complete the tune-up requirements2%3 by approved
technician, as specified below:

e Measure combustion efficiency using an electronic flue gas analyzer

e Adjust airflow and reduce excessive stack temperatures

e Adjust burner and gas input, manual or motorized draft control

e  Check for proper venting

e Complete visual inspection of system piping and insulation

e  Check safety controls

e Check adequacy of combustion air intake

e Clean fireside surfaces

¢ Inspect all refractory. Patch and wash coat as required.

e Inspect gaskets on front and rear doors and replace as necessary.

e Seal and close front and rear doors properly.

e Clean low and auxiliary low water cut-off controls, then re-install using new gaskets.

e (Clean plugs in control piping.

¢ Remove all hand hole and man hole plates. Flush boiler with water to remove loose scale and sediment.
e Replace all hand hole and man hole plates with new gaskets.

e Open feedwater tank manway, inspect and clean as required. Replace manway plate with new gasket.
e (Clean burner and burner pilot.

¢  Check pilot electrode and adjust or replace.

e Clean air damper and blower assembly.

e Clean motor starter contacts and check operation.

e  Make necessary adjustments to burner for proper combustion.

e Perform all flame safeguard and safety trip checks.

e Check all hand hole plates and man hole plates for leaks at normal operating temperatures and pressures.
e Troubleshoot any boiler system problems as reQuested by on-site personnel

DEFINITION OF BASELINE EQUIPMENT

The baseline condition of this measure is a boiler that has not had a tune-up within the past 36 months

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 3 years264

263 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
264 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
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DEEMED MEASURE COST

The cost of this measure is $0.83/MBtu/hr255 per tune-up

DEeEMED O&M COST ADJUSTMENTS

N/A
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A
Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS
ATherms =((Ngi * 8766*UF)/100) * (1- (Effpre/Effmeasured))
Where:
Ngi = Boiler gas input size (kBtu/hr)
= custom
UF = Utilization Factor
=41.9%256 or custom
Effore = Boiler Combustion Efficiency Before Tune-Up

= Actual

Note: Contractors should select a mid-level firing rate that appropriately represents the average
building operating condition over the course of the heating season and take readings at a

265 \Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012
266 \WWork Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012
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consistent firing rate for pre and post tune-up.

Effmeasured = Boiler Combustion Efficiency After Tune-Up
= Actual
100 =converstion from kBtu to therms

8766  =hoursayear

EXAMPLE
For example, a 80% 1050 kBtu boiler is tuned-up resulting in final efficiency of 81.3%:
Atherms =((1050 * 8766*0.419)/100) * (1- (0.80/0.813))

=617 therms

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEeASURE CoDE: CI-HVC-PBTU-V05-160601
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4.4.4 Boiler Lockout/Reset Controls

DESCRIPTION

This measure relates to improving combustion efficiency by adding controls to non-residential building heating
boilers to vary the boiler entering water temperature relative to heating load as a function of the outdoor air
temperature to save energy. Energy is saved by increasing the temperature difference between the water
temperature entering the boiler in the boiler's heat exchanger and the boiler's burner flame temperature. The
flame temperature remains the same while the water temperature leaving the boiler decreases with the decrease
in heating load due to an increase in outside air temperature. A lockout temperature is also set to prevent the
boiler from turning on when it is above a certain temperature outdoors.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Natural gas customer adding boiler reset controls capable of resetting the boiler supply water temperature in an
inverse linear fashion with outdoor air temperature. Boiler lockout temperatures should be set to 55 °F at this
time as well, to turn the boiler off when the temperature goes above a certain setpoint.

DEFINITION OF BASELINE EQUIPMENT

Existing boiler without boiler reset controls, any size with constant hot water flow.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 20 years257

DEEMED MEASURE COST

The cost of this measure is $612268

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

267CLEAResultreferences the Brooklyn Union Gas Company, High Efficiency Heating and Water and Controls, Gas Energy
Efficiency Program Implementation Plan.
268 Nexant. Questar DSM Market Characterization Report. August 9, 2006.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS

ATherms = Binput * SF * EFLH /( 100)

Where:
Binput = Boiler Input Capacity (kBtu/hr)
= custom
SF = Savings factor
= 8%2%9 or custom
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use
100 = conversion from kBtu to therms
EXAMPLE

For example, a 800 kBtu/hr boiler at a restaurant in Rockford, IL
ATherms = 800 * 0.08 * 1,350 / (100)
=864 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-BLRC-V03-150601

269 Savings factor is the estimate of annual gas consumption that is saved due to adding boiler reset controls. The
CLEAResultuses a boiler tuneup savings value derived from Xcel Energy "DSM Biennial Plan-Technical Assumptions," Colorado.
Focus on Energy uses 8%, citing multiple sources. Vermont Energy Investment Corporation's boiler reset savings estimates for
custom projects further indicate 8% savings estimate is better reflection of actual expected savings.
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4.4.5 Condensing Unit Heaters

DESCRIPTION

This measure applies to a gas fired condensing unit heater installed in a commercial application.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a condensing unit heater up to
300 MBH with a Thermal Efficiency > 90% and the heater must be vented, and condensate drained per
manufacturer specifications. The unit must be replacing existing natural gas equipment.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be a non-condensing natural gas
unit heater at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years2’°
DEEMED MEASURE COST

The incremental capital cost for a unit heater is $676271
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 266 Therm:s.

270DEER 2008

Z7IENERGY STAR and CEE do not currently provide calculators for this type of equipment therefore deemed values from Nicor
Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27,
2011
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-CUHT-V01-120601
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4.4.6 Electric Chiller

DESCRIPTION

This measure relates to the installation of a new electric chiller meeting the efficiency standards presented below.
This measure could relate to the replacement of an existing unit at the end of its useful life, or the installation of a
new system in an existing building (i.e. time of sale). Only single-chiller applications should be assessed with this
methodology. The characterization is not suited for multiple chillers projects or chillers equipped with variable
speed drives (VSDs).

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to exceed the efficiency
requirements defined by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to meet the efficiency requirements
within Table 403.2.3(7) of either the 2012 or the 2015 IECC (applicable from 01/01/2016), depending on the IECC
in effect on the date of the building permit (if unknown assume IECC 2015).

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 20 years 272,

DEEMED MEASURE COST

The incremental capital cost for this measure is provided below.

Equipment Type ‘ Size Category Incremental Cost ($/ton)
Air cooled, electrically operated All capacities $127/ton?”3
Water cooled, eIe(.:tricaIIY operated, positive All capacities $22/ton?74
displacement (reciprocating)
<150 tons $351/ton?7®

Water cooled, electrically operated, positive

>=1 < 127
displacement (rotary screw and scroll) 50tons and <300 tons | 5127/ton

>= 300 tons S87/ton

LOADSHAPE

Loadshape C03 - Commercial Cooling

272 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, December 16, 2008
(http://deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls)

273 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Cost Values and Summary Documentation”,
California Public Utilities Commission, December 16, 2008. Calculated as the simple average of screw and reciprocating air-
cooled chiller incremental costs from DEER2008. This assumes that baseline shift from IECC 2012 to IECC 2015 carries the same
incremental costs. Values should be verified during evaluation

274 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Cost Values and Summary Documentation”

275 Incremental costs for water-cooled, electrically operated, positive displacement (rotary screw and scroll) from the W017
Itron California Measure Cost Study, accessed via http://www.energydataweb.com/cpuc/search.aspx. The data is provided in a
file named “MCS Results Matrix — Volume 1”.
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COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to lllinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 276
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 277
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AKWH =TONS * ((IPLVbase) — (IPLVee)) * EFLH
Where:
TONS = chiller nominal cooling capacity in tons (note: 1 ton = 12,000 Btu/hr)
= Actual installed

IPLVbase = efficiency of baseline equipment expressed as Integrated Part Load Value(kW/ton). Chiller
units are dependent on chiller type. See Chiller Units, Convertion Values and Baseline Efficiency
Values by Chiller Type and Capacity in the Reference Tables section.

IPLVee?”® = efficiency of high efficiency equipment expressed as Integrated Part Load Value (kW/ton)27®
= Actual installed

EFLH = Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use.

For example, a 100 ton air-cooled electrically operated chiller with IPLV of 14 EER (0.86 kW/ton) and baseline
EER of 12.5 (0.96 kW/ton) ,in a low-rise office building in Rockford with a building permit dated on 1/1/2015
would save:

AKWH =100 * ((0.96) - (0.86)) * 949
= 9,490 kWh

276 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

277 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

278 Integrated Part Load Value is a seasonal average efficiency rating calculated in accordance with ARI Standard 550/590. It
may be calculated using any measure of efficiency (EER, kW/ton, COP), but for consistency with IECC 2012, it is expressed in
terms of IPLV here.

279 Can determine IPLV from standard testing or looking at engineering specs for design conditions. Standard data is available
from AHRnetl.org. http://www.ahrinet.org/
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWssp =TONS * ((PEbase) — (PEee)) * CFssp
AKkWeim =TONS * ((PEbase) — (PEee)) * CFpim
Where:
PEbase = Peak efficiency of baseline equipment expressed as Full Load (kW/ton)
PEee = Peak efficiency of high efficiency equipment expressed as Full Load (kW/ton)
= Actual installed
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak
hour)
=91.3%
CFeim = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak
period)
=47.8%

=27 kW

For example, a 100 ton air-cooled electrically operated chiller with a full load IPLV of 12 EER ( 1.0 kW/ton) and
a baseline full load IPLV 9.56 EER (1.3 kW/ton) would save:

AkWssp =100 * ((1.3) - (1.0)) * 0.913

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

REFERENCE TABLES

Chillers Ratings- Chillers are rated with different units depending on equipment type as shown below

Equipment Type ‘Unit

scroll)

Air cooled, electrically operated EER
Water cooled, electrically operated,

o . Y ) P . kW/ton
positive displacement (reciprocating)
Water cooled, electrically operated,
positive displacement (rotary screw and kW/ton
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In order to convert chiller equipment ratings to IPLV the following relationships are provided

kW/ton =12 / EER

kW/ton =12 /(COP x 3.412)
cop =EER/3.412

cop =12/ (kW/ton) / 3.412
EER =12 / kW/ton

EER =COP x 3.412
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2012 |ECC Baseline Efficiency Values by Chiller Type and Capacity

WATER CHILLING PACKAGES®

TABLE C403.2.3(T)
MINIMUM EFFICIENCY REQUIREMENTS:

BEFORE 1A2010 AS OF 1A 2010°
PATH & PATHE
SIZE FULL FULL FuLL TEST
EQWPMENT TYPE CATEGORY | UNITS LOAD IPLW LOAD IPLY LoaD IPLY PROCEDURE"
) <150iwns | EER | =104 |2 9%562 |= 12500 MNA NA
Aur-cocled chullers S 150tms | EER |- 62| 16 [=0562(=12750] NA | WA
Alr-cooled chillers without condens-
Aur cooled without condenser, electrical Al e - 101 F ers shall be rated with matching con-
operated capacities EER (= 10.586)= 11782 densers and comply with the alr-cooled
chiller efficlency requirements
- ) f Reciprocating untts shall comply with
1::;';:;:}5:' electrically aperated., [ap':::llluﬁ kWion | =0.837 | = 0696 |water cooled positive displacement
efflclency requirements
= Thtons | KWion < (U780 | < 0.630 | = (LBOO | < 0.6
= 75 tons - .
and kWion |~ (700 ) =067 <0775 [ 20615 | = 0790 | =0.586 AHRI
Water cooled, electrically operated, post- | < 150 tors rJB{l."rﬁl:l
tive displacement = 150 tons o
and kWhon | <0717 | <0627 | <0630 | <0580 | <0718 | <0.540
< 300 toms
2300 ons | kWion | = (0638 | = 0571 | = 0620 | =0.540 | = 0639 | <0450
= 150 tons | kWiton | =0.703 | = 0.669
2 150 tons < (0634 | = 0,506 | <0630 | <0.450
and | KWiton | <0634 [ <0506 (=[5 il
Water cooled, electrically operated, < 300 tores
centrifugal 2 300 wwns
and kWion | <0576 | < 0.549 | <0576 | = 0.549 | =0.600 | =0.400
< 6 toms
=600 wons | kWiion | <0576 | = 0.54% | < 0570 | =0.530 | <0500 | <0400
All . N .
Adr cooled, absorption single effect capacities COP [z=0600) NR =0600| MNE NA MNA
Water cooled, absorpéion single effect All coP |=o0700| NR |=0700] NR | NA | Na
capacities AHRT 560
Absorption double effect, indirect fired All COP |=1.000|=1.080 [=1000| 21060 NA | Na
capacities
Absorption double effect, direct fired :ap:::llltles COP (1000 =1.000 [ =1.000(=1.000 ] NA NA

For SI: 1 ton=351T W, | British thermal undt per hour = 0.2531 W, °C = [{"F) - 32|/1L.E.

NA = Not applicable, not io be used for compliance; NE = No requirement.

1 The centrifugal chiller equipment requirements, after adjustment in accordance with Section C403.2.3.1 or Section C403.2.3.2_ do not apply to chillers used
in low-temperature applications where the design leaving flud temperatirs is less than 36°F. The requirements do not apply to positive displacement chillers
with leaving fhdd temperatures less than or equal io 32°F. The requirements do not apply 0 absorption chillers with design leaving fhd temperatures less than

40°F.

b. Compliance with this standard can be ohinined by meeting the ménimim requdrements of Path A or B. However, both the full load and [PLY shall be met to fulfill

the requirements of Path A or B.

c. Chapter & of the referenced standard contains 2 complete specification of the referenced test procedure, including the referenced year version of the test

procedire.

2015 IECC Baseline Efficiency Values by Chiller Type and Capacity
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TABLE mlﬂgﬁc
WATER CHILLING PACKAGES — EFFICI ¥ REGQUIREMENTS

ENT TYPE SiZE Ci v TS BEFORE 1712015 AL OF 11205 TEST
S B0 Path & Path B Path & Path B PROCEDURE
20562 FL = 10.100FL | 29.700FL
- 150 Tons =12 ':-;]IJ IFLW e 13.700 IPLV |= 15 800 [FLV
i N EER. 212500 IF 213.7 7= 15, !
Air-cooled chillers
- — (BT > 0562 FL o =10.100FL | =9 700FL
2 150 Tens — NAs .
212500 IFLW 2 14000 IPLV |2 15100 [PLV
Air cooled EER. Amr-coaled chillers without condenser skall be rated with
without condenser, All capacities Bra W matching condensers and complyms with air-coaled chiller
elacmically operated ¥ efficiency requirements.
75 Tons =0.780 FL ZQ8MFL | =0.750 FL = 0780 FL
' S0630TPLY | = 00500 IPLV | = 0,600 IPLV | = 0.500 IPLV
- s e Z07ISFL Z0.7MWFL | Z0.70FL Z0750FL
2 75 tons and < 150 tons S— — — _
ZOSISTPLY | 20586 IPLV | 0560 IPLV | £ 0480 IPLY
u'nn&[cmTLEe.éL electrically | - 150 toms and < 300 i = 0.680 FL “0.718FL | =0.660 FL = 0.630FL
iplacoment | o S * [ ZUSnPLV |Z0590 LV | S050 TLV | S 080 LV
> 300 fous and < 500 Z0.620 FL Z0M39FL | Z0.610FL Z0625FL | AHEI 350
= AU T e = R ens Z0SWDPLV |04 PLV | 050 DLV | 2040V | o0
=060 FL Z0439FL | Z0360FL Z0.3585FL
= 600 tons — - = —1= S
ZOS40IPLY | 20400 PLV | 0500 IPLV | £0.380 IPLY
150 Toms Z04634FL Z0439FL | Z0410FL Z0A0SFL
B S0SREPLV (20450 PLV | 20530 IPLV | = 0.440 IPLYV
> 150 toms and < 300 toms Z04634FL Z0439FL | Z0410FL = 0835FL
- - ZO506TPLY |2 0450 PLV | 0550 PLV | £ 0400 PLY
Water coaled. lectmically | - - o ) 0578 FL Z060)FL | =0360FL Z0.585FL
; - | 2 300 tons and < 400 tons | EWiton -
opemted centrifuzal ! ZOSMIPLY (S04 IPLV (Z05X0 IPLY | 20380 PLY
Z057T6FL Z060M)FL | Z0360FL = 0585FL
> 400 tons and = 500 tons - _ Bk -
S5 IPLY | 2040 PLV | 20500 IPLV | Z0.380 IPLY
> 600 T = 05TD FL Z 0.5 FL = 0.560 FL Z0.585FL
- o SOSWIPLY |Z0400 PLV | 20500 IPLY | £ 0.380 IPLY
Air coaled. absorpion, Al capacities COP | z0SMFL NA* 0600 FL NA*
Water coolzd shsarption. Al capariies cop | zomoFL | NA© | zo7MFL | NAS
Absorption, double " o 2 1.000 FL . 2 1.000 FL . AHFI 560
effoct indirect Sred All caparities cop ST Ly NA 10Ty NA'
Abzorption double affect | comaiies = LW FL ca: = L0 FL Ta:
direct fired All capacities cop IO T NA ST HNA
2. The requirements for centrifinpal chiller shall be adjusted for nonstandard mting conditions m accordance with Secton C403 2 3.1 and are only applicable for

the af conditions Listed m Secmon C403.2.3.]1. The requrements for ar-cooled, water-coolsd positve deplacement and absorprion chillers are at

ming conditions defined in the reference test procedure.

b Beoth the fiall-Joad and TPLV requirements shall be met or exceeded to comply with this sndard Where there iz a Path B, compliance can be with either Path

A or Path B fr any application.
€. WA means the requirements are oot applicable for Path B and only Path A can be usad for compliance.

d FL represents the fll-load performance requirements and IFLY the part-load performance requirements

MEASURE CODE: CI-HVC-CHIL-V04-160601
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4.47 ENERGY STAR and CEE Tier 1 Room Air Conditioner

DESCRIPTION

This measure relates to the purchase and installation of a room air conditioning unit that meets either the ENERGY
STAR or CEE TIER 1 minimum qualifying efficiency specifications, in place of a baseline unit meeting minimum
Federal Standard efficiency ratings presented below:280

Federal Federal
Product Class Standard EER, Standard EER, ENERGY ?TAR ENERGY STAR CEETIER 1
. X EER, with EER, without
(Btu/H) with louvered without : . EER
. . louvered sides louvered sides
sides louvered sides
< 8,000 9.7 9 10.7 9.9 11.2
8,000 to
13,999 9.8 8.5 10.8 9.4 11.3
14,000 to
19,999 9.7 8.5 10.7 9.4 11.2
>=20,000 8.5 8.5 9.4 9.4 9.8
Casement ‘ Federal Standard (EER) ENERGY STAR (EER)
Casement-only 8.7 9.6
Casement-slider 9.5 10.5

Reverse Cycle - federal Standard rederal ENERGY STAR  ENERGY STAR
X Standard EER, X .
EER, with . EER, with EER, without
Product Class : without : -
(Btu/H) louvered sides louvered sides louvered sides louvered sides
< 14,000 N/A 8.5 N/A 9.4
>= 14,000 N/A 8 N/A 8.8
< 20,000 9 N/A 9.9 N/A
>= 20,000 8.5 N/A 9.4 N/A

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

280 http://www.energystar.gov/index.cfm?c=roomac.pr_crit_room_ac and http://www.ceel.org/resid/seha/rm-ac/rm-
ac_specs.pdf

Side louvers that extend from a room air conditioner model in order to position the unit in a window. A model without louvered
sides is placed in a built-in wall sleeve and are commonly referred to as "through-the-wall" or "built-in" models.

Casement-only refers to a room air conditioner designed for mounting in a casement window of a specific size.

Casement-slider refers to a room air conditioner with an encased assembly designed for mounting in a sliding or casement
window of a specific size.

Reverse cycle refers to the heating function found in certain room air conditioner models.
http://www.energystar.gov/ia/partners/product_specs/program_reqs/room_air_conditioners_prog_req.pdf
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DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the new room air conditioning unit must meet the ENERGY STAR efficiency standards
presented above.

DEFINITION OF BASELINE EQUIPMENT

The baseline assumption is a new room air conditioning unit that meets the current minimum federal efficiency
standards presented above.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 9 years.281

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $40 for an ENERGY STAR unit and $80 for a CEE TIER 1
unit.282

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to Illinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% %83
CFpsm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% 2%
Algorithm

CALCULATION OF SAVINGS

ENERGY SAVINGS
AKkWh = (FLHroomac * Btu/H * (1/EERbase - 1/EERee))/1000
Where:
FLHRoomaAc = Full Load Hours of room air conditioning unit

= dependent on location:285

281 Energy Star Room Air Conditioner Savings Calculator,
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=AC
http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf

282 Based on field study conducted by Efficiency Vermont

283 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

284 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 155 of 493


http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf

Illinois Statewide Technical Reference Manual —4.4.7 ENERGY STAR and CEE Tier 1 Room Air Conditioner

Zone FLHRoomAc

1 (Rockford) 253

2-(Chicago) 254

3 (Springfield) 310

4-(Belleville) 391

5-(Marion) 254
Btu/H = Size of unit

= Actual. If unknown assume 8500 Btu/hr 286
EERbase = Efficiency of baseline unit

= As provided in tables above
EERee = Efficiency of ENERGY STAR or CEE Tier 1 unit

= Actual. If unknown assume minimum qualifying standard as provided in
tables above

For example for an 8,500 Btu/H capacity ENERGY STAR unit, with louvered sides, in Rockford:
AkWHenergvstar = (253 * 8500 * (1/9.8 — 1/10.8)) / 1000
=20.3 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = Btu/H * ((1/EERbase - 1/EERee))/1000) * CF

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% %7
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8%258

Other variable as defined above

285 Full load hours for room AC is significantly lower than for central AC. The average ratio of FLH for Room AC (provided in RLW
Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008:
http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/117 RLW CF%20Res%20RAC.
pdf) to FLH for Central Cooling for the same location (provided by AHRI:

http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/Calc CAC.xls) is 31%. This ratio has been applied to
the FLH from the unitary and split system air conditioning measure.

286 Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008

287 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

288 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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For example for an 8,500 Btu/H capacity ENERGY STAR unit, with louvered sides, in Rockford during
system peak

AKWENERGY STAR = (8500 * (1/9.8 -1/10.8)) / 1000 * 0.913
=0.073 kW

FOSSIL FUEL SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEeASURE CoDE: CI-HVC-ESRA-V01-120601
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4.4.8 Guest Room Energy Management (PTAC & PTHP)

DESCRIPTION

This measure applied to the installation of a temperature setback and lighting control system for individual guest
rooms. The savings are achieved based on Guest Room Energy Management’s (GREM’s) ability to automatically
adjust the guest room’s set temperatures and control the HVAC unit for various occupancy modes.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Guest room temperature set point must be controlled by automatic occupancy detectors or keycard that indicates
the occupancy status of the room. During unoccupied periods the default setting for controlled units differs by at
least 5 degrees from the operating set point. Theoretically, the control system may also be tied into other electric
loads, such as lighting and plug loads to shut them off when occupancy is not sensed. This measure bases savings
on improved HVAC controls. If system is connected to lighting and plug loads, additional savings would be realized.
The incentive is per guestroom controlled, rather than per sensor, for multi-room suites. Replacement or upgrades
of existing occupancy-based controls are not eligible for an incentive.

DEFINITION OF BASELINE EQUIPMENT

Guest room energy management thermostats replace manual heating/cooling temperature set-point and fan
On/Off/Auto thermostat controls. Two possible baselines exist based on whether housekeeping staff are directed
to set-back (or turn off) thermostats when rooms are not rented.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life for GREM is 15 years28°,
DEEMED MEASURE COST

$260/unit

The IMC documented for this measure is $260 per room HVAC controller, which is the cost difference between a
non-programmable thermostat and a GREM2%0,

DEemMED O&M COST ADJUSTMENTS
N/A

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

A coincidence factor is not used in the determination of coincident peak kW savings.

289 DEER 2008 value for energy management systems
230 This value was extracted from Smart Ideas projects in PY1 and PY2.
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Algorithm

CALCULATION OF SAVINGS

Below are the annual kWh savings per installed EMS for different sizes and types of HVAC units. The savings are
achieved based on GREM’s ability to automatically adjust the guest room’s set temperatures and control the HVAC
unit to maintain set temperatures for various occupancy modes. Note that care should be taken in selecting a
value consistent with actual baseline conditions (e.g. whether housekeeping staff are directed to set-back/turn-off
the thermostats when rooms are unrented). Different values are provided for Motels and Hotels since significant
differences in shell performance, number of external walls per room and typical heating and cooling efficiencies
result in significantly different savings estimates. Energy savings estimates are derived using a prototypical
EnergyPlus simulation of a motel and a hotel?®l. Model outputs are normalized to the installed capacity and
reported here as kWh/Ton, coincident peak kW/Ton and Therms/Ton.

ELECTRIC ENERGY SAVINGS

Motel Electric Energy Savings

. Electric
Climate Zone X
. Heating Source Baseline Savings
(City based upon) (kWh/Ton)
Housekeeping Setback 744
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 1,786
Housekeeping Setback 63
1 (Rockford) PTAC w/ Gas Heating
No Housekeeping Setback 155
Housekeeping Setback 385
PTHP
No Housekeeping Setback 986
Housekeeping Setback 506
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 1,582
Housekeeping Setback 51
2 (Chicago) PTAC w/ Gas Heating
No Housekeeping Setback 163
Housekeeping Setback 211
PTHP
No Housekeeping Setback 798
Housekeeping Setback 462
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 1,382
3 (Springfield) Housekeeping Setback 65
PTAC w/ Gas Heating
No Housekeeping Setback 198
PTHP Housekeeping Setback 202

291 For motels, see S. Keates, ADM Associates Workpaper: “Suggested Revisions to Guest Room Energy Management (PTAC &
PTHP)”, 11/14/2013 and spreadsheet summarizing the results: ‘GREM Savings Summary_IL TRM_1_22_ 14.xlIsx’. In 2014 the
hotel models were also run to compile results, rather than by applying adjustment factors to the motel results as had been
done in V3.0 of the TRM. The updated values can be found in ‘GREM Savings Summary (Hotel) _IL TRM_10_16_14.xls’.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 159 of 493



Illinois Statewide Technical Reference Manual —4.4.8 Guest Room Energy Management (PTAC & PTHP)

Motel Electric Energy Savings

. Electric
Climate Zone .
. Heating Source Baseline Savings
(City based upon) (KWh/Ton)
No Housekeeping Setback 736
Housekeeping Setback 559
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 1,877
Housekeeping Setback 85
4 (Belleville) PTAC w/ Gas Heating
No Housekeeping Setback 287
Housekeeping Setback 260
PTHP
No Housekeeping Setback 1,023
5 (Marion-Williamson) PTAC w/ Electric Resistance Heating Housekeeping Setback 388
No Housekeeping Setback 1,339
PTAC w/ Gas Heating Housekeeping Setback 81
No Housekeeping Setback 274
PTHP Housekeeping Setback 174
No Housekeeping Setback 682

Hotel Electric Energy Savings

. Electric
Climate Zone . . .
Tt e ] Heating Source Baseline Savings
¥ P (kWh/Ton)
Housekeeping Setback 204
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 345
Housekeeping Setback 121
PTAC w/ Gas Heating
No Housekeeping Setback 197
Housekeeping Setback 152
1 (Rockford) PTHP
No Housekeeping Setback 253
Central Hot Water Fan Coil w/ Electric Resistance | Housekeeping Setback 177
Heating No Housekeeping Setback 296
Housekeeping Setback 94
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 148
Housekeeping Setback 188
PTAC w/ Electric Resistance Heating
2 (Chicago) No Housekeeping Setback 342
PTAC w/ Gas Heating Housekeeping Setback 119
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Climate Zone
(City based upon)

Hotel Electric Energy Savings

Heating Source

Baseline

Electric
Savings
(kWh/Ton)

No Housekeeping Setback 195
Housekeeping Setback 145
PTHP
No Housekeeping Setback 250
Central Hot Water Fan Coil w/ Electric Resistance | Housekeeping Setback 161
Heating No Housekeeping Setback 294
Housekeeping Setback 92
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 147
Housekeeping Setback 182
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 291
Housekeeping Setback 123
PTAC w/ Gas Heating
No Housekeeping Setback 197
Housekeeping Setback 145
3 (Springfield) PTHP
No Housekeeping Setback 233
Central Hot Water Fan Coil w/ Electric Resistance | Housekeeping Setback 153
Heating No Housekeeping Setback 240
Housekeeping Setback 94
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 146
Housekeeping Setback 182
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 308
Housekeeping Setback 125
PTAC w/ Gas Heating
No Housekeeping Setback 199
Housekeeping Setback 146
4 (Belleville) PTHP
No Housekeeping Setback 240
Central Hot Water Fan Coil w/ Electric Resistance | Housekeeping Setback 152
Heating No Housekeeping Setback 255
Housekeeping Setback 95
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 147
Housekeeping Setback 171
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 295
5 (Marion-Williamson)
Housekeeping Setback 122
PTAC w/ Gas Heating
No Housekeeping Setback 199

ILTRM v5.0 Vol. 2_February 11, 2016_Final

Page 161 of 493



Illinois Statewide Technical Reference Manual —4.4.8 Guest Room Energy Management (PTAC & PTHP)

Hotel Electric Energy Savings

. Electric
Climate Zone . . :
A E P Heating Source Baseline Savings
g 8 (kWh/Ton)
Housekeeping Setback 140
PTHP

No Housekeeping Setback 235

Central Hot Water Fan Coil w/ Electric Resistance | Housekeeping Setback 141

Heating No Housekeeping Setback 243

Housekeeping Setback 92

Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 146
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

Motel Coincident Peak Demand Savings

Climate Zone Coincident Peak

. Heating Source Baseline Demand Savings
(City based upon) (kW/Ton)
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.08
1 (Rockford) PTAC w/ Gas Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.08
PTHP
No Housekeeping Setback 0.17
Housekeeping Setback 0.06
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.06
2 (Chicago) PTAC w/ Gas Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.06
PTHP
No Housekeeping Setback 0.17
Housekeeping Setback 0.07
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.07
3 (Springfield) PTAC w/ Gas Heating
No Housekeeping Setback 0.17
Housekeeping Setback 0.07
PTHP
No Housekeeping Setback 0.17
Housekeeping Setback 0.10
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.28
Housekeeping Setback 0.10
4 (Belleville) PTAC w/ Gas Heating
No Housekeeping Setback 0.28
Housekeeping Setback 0.10
PTHP
No Housekeeping Setback 0.28
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.21
5 (Marion-Williamson) Housekeeping Setback 0.08
PTAC w/ Gas Heating
No Housekeeping Setback 0.21
PTHP Housekeeping Setback 0.08
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Motel Coincident Peak Demand Savings

Coincident Peak
Heating Source Baseline Demand Savings
(kW/Ton)

Climate Zone

(City based upon)

No Housekeeping Setback 0.21

Hotel Coincident Peak Demand Savings

Coincident
Climate Zone Heatine Source Baseline Peak Demand
(City based upon) & Savings
(kW/Ton)
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
PTAC w/ Gas Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
1 (Rockford) PTHP
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 0.05
Resistance Heating No Housekeeping Setback 0.08
Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 0.08
Housekeeping Setback 0.07
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.07
PTAC w/ Gas Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.07
2 (Chicago) PTHP
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 0.05
Resistance Heating No Housekeeping Setback 0.07
Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 0.07
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.11
3 (Springfield)
Housekeeping Setback 0.08
PTAC w/ Gas Heating
No Housekeeping Setback 0.11
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Hotel Coincident Peak Demand Savings

Coincident
Climate Zone Heating Source Baseline Peak Demand
(City based upon) J Savings
(kW/Ton)
Housekeeping Setback 0.08
PTHP
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 0.05
Resistance Heating No Housekeeping Setback 0.07
Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 0.07
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
PTAC w/ Gas Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
4 (Belleville) PTHP
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 0.05
Resistance Heating No Housekeeping Setback 0.08
Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating
No Housekeeping Setback 0.08
Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
PTAC w/ Gas Heating
No Housekeeping Setback 0.11
Housekeeping Setback 0.08
5 (Marion-Williamson) PTHP
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 0.05
Resistance Heating -
No Housekeeping Setback 0.08
Central Hot Water Fan Coil w/ Gas Heating | Housekeeping Setback 0.05
No Housekeeping Setback 0.08
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NATURAL GAS ENERGY SAVINGS

For PTACs with gas heating:

Motel Natural Gas Energy Savings

Climate Zone Baseline Gas Savings
(City based upon) (Therms/Ton)
Housekeeping Setback 30
1 (Rockford)
No Housekeeping Setback 71
Housekeeping Setback 20
2 (Chicago)
No Housekeeping Setback 62
Housekeeping Setback 17
3 (Springfield)
No Housekeeping Setback 52
Housekeeping Setback 21
4 (Belleville)
No Housekeeping Setback 70
5 (Marion- Housekeeping Setback 13
Williamson) No Housekeeping Setback 47

Hotel Natural Gas Energy Savings

Climate Zone

. . . Gas Savings
H Basel
(City based eating Source aseline (Therms/Ton)
upon)
Housekeeping Setback 3.6
PTAC w/ Gas Heating
No Housekeeping Setback 6.4
1 (Rockford) :
Central Hot Water Fan Coil | Housekeeping Setback 3.6
w/ Gas Heating No Housekeeping Setback 6.4
Housekeeping Setback 3.0
PTAC w/ Gas Heating
No Housekeeping Setback 6.5
2 (Chicago) :
Central Hot Water Fan Coil | Housekeeping Setback 3.0
w/ Gas Heating No Housekeeping Setback 6.5
Housekeeping Setback 2.6
PTAC w/ Gas Heating
No Housekeeping Setback 4.1
3 (Springfield) :
Central Hot Water Fan Coil | Housekeeping Setback 2.6
w/ Gas Heating No Housekeeping Setback 4.1
Housekeeping Setback 2.5
PTAC w/ Gas Heating
4 (Belleville) No Housekeeping Setback 4.8
Central Hot Water Fan Coil | Housekeeping Setback 2.5
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Hotel Natural Gas Energy Savings

Climate Zone

. . . Gas Savings
(City based Heating Source Baseline
) (Therms/Ton)
w/ Gas Heating No Housekeeping Setback 4.8
Housekeeping Setback 2.1
PTAC w/ Gas Heating
5 (Marion- No Housekeeping Setback 4.2
Willi ;
iliamson) Central Hot Water Fan Coil | Housekeeping Setback 2.1
w/ Gas Heating No Housekeeping Setback 4.2

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-GREM-V05-150601

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 167 of 493



Illinois Statewide Technical Reference Manual —4.4.9 Heat Pump Systems

4.4.9 Heat Pump Systems

DESCRIPTION

This measure applies to the installation of high-efficiency air cooled, water source, ground water source, and
ground source heat pump systems. This measure could apply to replacing an existing unit at the end of its useful
life, or installation of a new unit in a new or existing building.

This measure was developed to be applicable to the following program types: TOS NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high-efficiency air cooled,
water source, ground water source, or ground source heat pump system that exceeds the energy efficiency
requirements of the 2012 or 2015 (applicable from 01/01/2016) International Energy Conservation Code (IECC),
depending on the IECC in effect on the date of the building permit (if unknown assume IECC 2015).

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air
cooled, water source, ground water source, or ground source heat pump system that meets the energy efficiency
requirements of the 2012 or 2015 IECC, depending on the IECC in effect on the date of the building permit (if
unknown assume IECC 2015). Note the Time of Sale baseline is assumed to be IECC 2015. The rating conditions for
the baseline and efficient equipment efficiencies must be equivalent.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.?%?

DEEMED MEASURE COST

For analysis purposes, the incremental capital cost for this measure is assumed as $100 per ton for air-cooled
units.2%3 The incremental cost for all other equipment types should be determined on a site-specific basis.

LOADSHAPE

Loadshape C0O5 - Commercial Electric Heating and Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to lllinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 2%

CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 2%

292Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.
233 Based on a review of TRM incremental cost assumptions from Vermont, Wisconsin, and California.

294 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

235 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

For units with cooling capacities less than 65 kBtu/hr:

AkWh

= Annual kWh Savingscool + Annual kWh Savingsheat

Annual kWh Savingscooi = (kBtu/hreool) * [(1/SEERbase) — (1/SEERee)] * EFLHcool

Annual kWh Savingsheat = (kBtu/hrheat) * [(1/HSPFbase) — (1/HSPFee)] * EFLHheat

For units with cooling capacities equal to or greater than 65 kBtu/hr:

AkWh

= Annual kWh Savingscoo + Annual kWh Savingsheat

Annual kWh Savingscwo = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] * EFLHcool

Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHheat

Where:
kBtU/h Icool

SEERbase

SEERee

EFLHcool
HSPFbase

HSPFee

EFLHheat
EERbase

EERee

= capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals 12
kBtu/hr).

= Actual installed
=Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER from tables below, based on the applicable IECC on the date of the building
permit (if unknown assume IECC 2015).

= Seasonal Energy Efficiency Ratio of the energy efficient equipment.

= Actual installed

= Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use.
= Heating Seasonal Performance Factor of the baseline equipment

= HSPF from tables below, based on the applicable IECC on the date of the building
permit (if unknown assume IECC 2015).

= Heating Seasonal Performance Factor of the energy efficient equipment.

= Actual installed. If rating is COP, HSPF = COP * 3.413

= heating mode equivalent full load hours are provided in section 4.4 HVAC End Use.
= Energy Efficiency Ratio of the baseline equipment

= EER from tables below, based on the applicable IECC on the date of the building
permit (if unknown assume IECC 2015).. For air-cooled units < 65 kBtu/hr, assume the
following conversion from SEER to EER for calculation of peak savings:296

EER = (-0.02 * SEER?) + (1.12 * SEER)

= Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65
kBtu/hr, if the actual EERee is unknown, assume the conversion from SEER to EER as
provided above.

over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
2% Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 169 of 493



Illinois Statewide Technical Reference Manual —4.4.9 Heat Pump Systems

= Actual installed
kBtu/hrheat = capacity of the heating equipment in kBtu per hour.
= Actual installed
3.412 = Btu per Wh.
COPbase = coefficient of performance of the baseline equipment

= COP from tables below, based on the applicable IECC on the date of the building
permit (if unknown assume IECC 2015). If rating is HSPF, COP = HSPF / 3.413

COPee = coefficient of performance of the energy efficient equipment.

= Actual installed
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Minimum Efficiency Requirements: 2012 IECC
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TABLE C403.2.3
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE ég%ﬁgréﬁaﬁﬁ E:;JEI;EHHE\' PRDEEE?JLH [
) Split System 13.0 SEER
t A cooled < 65,000 Buu/h® Al
roating model Single Packaged 13.0 SEER
. ) Split System 13.0 SEER AHRI
' ”Tl‘f':(g'l‘ﬁ‘l““ < 30,000 Bt/ All 2107240
Single Packaged 13.0 SEER
Hml?_?:ﬂmﬁ:;fpkrml = 5,000 Btwh® All Split System 10,0 SEER
Elactric Reslstance Split System and 11.0EER
> 55,000 Btw'h and [or Mo Single Package 11.2 IEER
= 135,000 Btw'h Split Svstem and 10.8 EER
All ather Single Package 11.0 IEER
Elactric Resistance Split Systermn and 10,6 EER
Adr cooled = 135,000 Eawh and lior Nome) Stngle Package LT IEER AHRI
(cooling mode) = 240,000 Biwh All other Split System and 10.4 EER 340/ 360
Single Package 1005 ITEER
Elactric Reslstance Split System and 1.5 EER
’ (or Mone) Single Package 9.6 IEER
= 240,000 Buw'h — - : T
. Split System an 9.3 EE
All ather Single Package 9.4 IEER
=< 17000 Bin'h All B6°F entering water 11.2 EER
Water source = 17,000 Bow'h and am . nEE
(cooling mode) < 65.000 Bk All BE°F entering water 120 EER
= I B aa All BE6°F entering water 1ZO0EER | IS0 132561
. ) All 59°F entering water 16.2 EER
Cround waler source < 135 000 Bu'h
(coaling made) All TT°F entering water 13.4 EER
W . ~ B6°F entering water 10.6 EER
i gy 1| = 135,000 Buyh All
e ! 59°F entering water 16.3 EER IS0 13256-2
Gronnd water source
Brine to water = 135,000 Buy'h All TT°F entering fluld 12.1 EER
(cooling maosde)
Split System 7.T HSPF
Alr cooled - on :
{heating mode) = 65,000 Bowh : —
Single Package 7.T HSPF
) Split System 7.4 HSPF AHRI
Through-tha-wall, < 30,000 Baw'h® 210240
{alr cooled. heating mode) (cooling capacity)
' Single Package 7.4 H5PF
Small-duct high veloc ity - e y - -
{alr cooled. heating mods) = 5,000 Buw'h Split System 6.8 HSFI
(comtimed)
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY RE EMENTS:
ELECTRICALLY OPERATED UNITARY APPLIED HEAT PUMPS
EQUIPMENT TYPE SIZE CATEGORY | HEATING SECTION TYPE | pave GONDITION o L R
47°F dbV/43'F wb
> 65,000 Btu/h and Outdoor Als 33coe
< 135,000 Btwh T /15T wh
(cooling capacity) - 25C
Alr cooled Outdoor Alr o i AHRI
2 135,000 Btuwh Outdoor Alr g
{cooling capacity) I7T°F dV15°F wb
Outdoor Alr 2.05CoP
Water source < 135,000 Btwh u
(be: le) (cooling capacity) 68"F entering water 42 COP
Ground water source < 135,000 Btwh "
* 50°F entert vat 36COP ISO 13256-1
(heating mode) (cooling capacity) St i
Ground source < 135,000 Bu/h B
(heatt %) (cooling capacity) 32°F entering fluyd 3.1Cop
Water-source < 135.000 Buh 68°F entering water 37CcopP
water to water (cooling capacity)
mode F 5
(heating ) 50°F entering water 3.1cop 1SO 13258:2
Ground source » Bl
brine to water ko:ﬁ:?; pacity) 32°F entering fluid 25CopP
(heating mode)

For SI: 1 British thermal unit per hour - 0.2931 W, "C = [("F) - 32)/1 8.
a. Chapter 6 of the referenced standard contains 3 complete specification of the referenced test procedure, incliding the reference year version of the test

procedure.

b. Single-phase, air-cooled air conditioners less than 65,000 Bus/h are regulated by NAECA. SEER values are those set by NAECA.
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Minimum Efficiency Requirements: 2015 IECC

TABLE C403.2.3(2)
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTIONTYPE | RATING CONDITION PROCEDURE*
Before As of
1/1/2016 11172016
o Split System 13.0 SEEE® | 14.0 SEER”
« oi’ﬂ;ﬁsz) < 65.000 Bru/h® All
= Single Package 13.0 SEEER® | 14.0 SEEFR°
Ty 2 AHRI
Thro ugh the-wall. 30,000 B’ Al Split System 12.0 SEER. | 12.0 SEER. 140
air cooled Single Package | 12.0 SEER | 12.0 SEER
Single-duct . . e
high-velocity air cooled < 65,000 Btuw/h' All Split System 11.0 SEER | 11.0 SEER
Electric Resistance | Split System and 11.0EER | 11.0EER
> 65.000 Btwh and (or None) Single Package 11.2IEER | 12.0 IEER
<135,000 Bu'h ATl oher Split Systemand | 108 EER | 108 EER
) Single Package 11.0IEER | 11.8IEER
Electric Resistance | Split System and 106 EER | 10.6EER
Air cooled > 135,000 Btwh and {or None) Single Package 10.7IEER | 116 IEER AHRI
(cooling mode) < 240,000 Bw'h All oth Split Systemand | 104 EER | 104EER 340/360
Al other Single Package | 10.5IEER | 11.4IEER
Electric Resistance |  Split System and 05EER 05EER
(o1 None) Single Package 9 6IEER | 10.6 IEER
= 240,000 Bu'h -
A1l other Split System and 03 EER 03 EER
: Single Package 0 4EER 04 IEER
= 17,000 Bwh All 86°F entering water | 122 EER | 122EER
Water to Air: Water Loop | 2 17.000 Brwh and o F— . -
(cooling mode) = 65,000 Btwh All 86°F entering water | 13.0EER | 13.0EER | ISO 13256-1
= 65,000 Brwh and . i
=135.000 Bruh All 86°T entering water | 13.0 EER | 13.0EER
Water to Air: Ground Water ; S . Sh_
(cooling mode) = 135,000 Bru'h All S9°F entering water | 18.0 EER. | 18.0EER | ISO 13256-1
Brine to Air: Ground Lo ) . ' -
(cooling mode) P < 135,000 Bwh All TT°F entering water | 14.1 EER | 141EER | ISO 13256-1
Water to Water: WaterLoop _ N
(cooling mode) = 135,000 Bwh All 86°F entering water | 106 EER | 10.6 EER
Water tﬁ'gﬂfg ﬁlfgdu;d Water | 135,000 B All SO°F entering water | 163 EER | 163 EER | ISO 1325622
Brine “(’c‘;';’]};fé ﬁg‘é‘;‘;‘i Loop | 135000 Brum All 77°F entering fluid | 121 EER | 12.1 EER
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION et Asor PROCEDURE"
ore S 0
112016 | 112016
Air cooled o . — Split System 7.7 HSPF | 8.2 HSPF*
(heating made) = 63,000 Btuwh -
— Single Package 7.7 HSPF® | 8.0 HSPF
— Split System 7.4 HSPF | 7.4 HSPF AHRI
Through-the-wall, < 30,000 Bru/h® 210/240
(air cooled, heating mode) (cooling capacity)
— Single Package 74 HSPF | 74 HSPF
Small-duct high velocity e b T
(air cooled, heating mode) < 65.000 Bru/h — Split System 6.8 HSPF | 6.8 HSPT
47°F db/43°F wb
> §5.000 Btwh and outdoor air 33COP | 33COP
< 135,000 Btwh — —
, (cooling capacity) ITFdO/ISFwWh | 5 55 cop | 225 COP
Air cooled outdoor air AHRI
(heating mode) 47°F db43°F wh 32COP | 3.2C0P 340/360
> 135,000 Brw/h - outdoor air ’ B
(cooling capacify) 17°F db/15°F wh . -
outdoor air 2.05COP | 2.05 COP
Water to Air: Water Loop < 135,000 Btw'h - P .
(heating made) (coeling capacity) — 68°F entering water | 4.3 COP | 43 COP
Water to Air: Ground Water < 135,000 Btwh - . ) . , c
(heating mode) (cooling capacity) — 50°F entering water | 3.7 COP | 3.7COP | ISO 13256-1
Brine to Air: Ground Loop = 135,000 Btuw'h - . ) .
(heating mode) (cooling capacity) — 32°F entering fluid 32COP | 32COP
Water to Water: Water Loop = 135,000 Brwh _ s S .
(heating made) (coeling capacity) 68°F entering water | 3.7 COP | 3.7COP
Water to Water: Ground Water = 135,000 Bruw'h e S . . Acg A
(heating mode) (coeling capacity) — S0°F entering water | 3.1 COP | 3.1 COP | ISO 13256-2
Brine to Water: Ground Loop < 135,000 Btwh - - ) - .
(heating mode) (cooling capacity) — 32°F entering fluid 25C0P | 25COP

For 5I: 1 Brtish thermal unit per hour = 0.2931 W, °C = [{°F) - 32)/1 8.
a. Chapter 6 contains a complete specification of the referenced test procedure, mcluding the reference year version of the test procedure.
b. Single-phase, air-cooled air conditioners less than 65,000 Btwh are regulated by NAECA. SEEF. values are those set by NAECA.

c. Minimum efficiency as of January 1, 2015.
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For example a 5 ton cooling unit with 60 kbtu heating, an efficient EER of 14, and an efficient HSPF of 9, at
a restaurant in Chicago with a building permit dated before 1/1/2016 saves:

AKWh = [(60) * [(1/13) — (1/14)] * 1134] + [(60) * [(1/7.7) — (1/9)] * 1354]
= 1898 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] *CF

Where CF value is chosen between:

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 2%7

CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 298

For example a 5 ton cooling unit with 60 kbtu heating, an efficient EER of 14, and an efficient HSPF of 9
saves:

AkW = [(60) * [(1/13) —(1/14)] *.913
=0.3

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-HPSY-V04-160601

297 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

298 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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4.4.10 High Efficiency Boiler

DESCRIPTION

To qualify for this measure the installed equipment must be replacement of an existing boiler at the end of its
service life, in a commercial or multifamily space with a high efficiency, gas-fired steam or hot water boiler. High
efficiency boilers achieve gas savings through the utilization of a sealed combustion chamber and multiple heat
exchangers that remove a significant portion of the waste heat from flue gasses. Because multiple heat exchangers
are used to remove waste heat from the escaping flue gasses, some of the flue gasses condense and must be
drained.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a boiler used 80% or more for space heating, not
process, and boiler AFUE, TE (thermal efficiency), or Ec (combustion efficiency) rating must be rated greater than
or equal to 85% for hot water boilers and 81% for steam boilers.

DEFINITION OF BASELINE EQUIPMENT

Dependent on when the unit is installed and whether the unit is hot water or steam. The baseline efficiency source
is the Energy Independence and Security Act of 2007 with technical amendments from Federal Register, volume
73, Number 145, Monday, July 28, 2008 for boilers <300,000 Btu/hr and is Final Rule, Federal Register, volume 74,
Number 139, Wednesday, July 22, 2009 for boiler 300,000 Btu/hr.

Hot water boiler baseline:

Year Efficiency

Hot Water <300,000 Btu/hr < June 1, 2013299 80% AFUE
Hot Water <300,000 Btu/hr >June 1, 2013 82% AFUE
Hot Water 2300,000 & <2,500,000 Btu/hr 80% TE
Hot Water >2,500,000 Btu/hr 82% Ec

299 The Federal baseline for boilers <300,000 btu/hr changes from 80% to 82% in September 2012. To prevent a change in
baseline mid-program, the increase in efficiency is delayed until June 2013 when a new program year starts.
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Steam boiler baseline:

Year Efficiency

Steam <300,000 Btu/hr < June 1, 2013300 75% AFUE
Steam <300,000 Btu/hr >June 1, 2013 80% AFUE
Steam - all except natural draft 2300,000 & <2,500,000 Btu/hr 79% TE
Steam - natural draft >300,000 & <2,500,000 Btu/hr 77% TE
Steam - all except natural draft >2,500,000 Btu/hr 79% TE
Steam - natural draft >2,500,000 Btu/hr 77% TE

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 20 years30!
DEEMED MEASURE COST

The incremental capital cost for this measure depends on efficiency as listed below302

Measure Tier iner. Co§t,
per unit
ENERGY STAR® Minimum $1,470
AFUE 90% $2,400
AFUE 95% $3,370
AFUE > 96% $4,340
Boilers > 300,000 Btu/hr with TE
- . Custom
(thermal efficiency) rating

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

300 |bid.

301 The Technical support documents for federal residential appliance standards:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/fb_fr_tsd/appendix_e.pdf Note that this value is
below the 20 years used by CA's DEER and the range of 20-40 year estimate made by the Consortium for Energy Efficiency in
2010

302 Average of low and high incremental cost based on Nicor Gas program data for non-condensing and condensing boilers.
Nicor Gas Energy Efficiency Plan 2011 - 2014, May 27, 2011 $1,470 for < 300,000 Btu/hr for non-condensing hydronic boilers
>85% AFUE & $3,365 for condensing boilers > 90% AFUE. The exception is $4,340 for AFUE > 96% AFUE which was obtained
from extrapolation above the size range that Nicor Gas Energy Efficiency Plan provided for incremental cost.
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Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS
ATherms = EFLH * Capacity * ((EfficiencyRating(actual) - EfficiencyRating(base)/
EfficiencyRating(base)) / 100,000
Where:
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use
Capacity = Nominal Heating Input Capacity Boiler Size (Btu/hr) for efficient unit not existing unit
= custom Boiler input capacity in Btu/hr
EfficiencyRating(base) = Baseline Boiler Efficiency Rating, dependant on year and boiler type. Baseline
efficiency values by boiler type and capacity are found in the Definition of Baseline
Equipment Section
EfficiencyRating(actual) = Efficent Boiler Efficiency Rating use actual value
Measure Type Actual AFUE
ENERGY STAR® Minimum
AFUE 90% 90%
AFUE 95% 95%
AFUE 2 96% > 96%
Custom Value to one significant digit i.e. 95.7%
EXAMPLE
For example, a 150,000 btu/hr water boiler meeting AFUE 90% in Rockford at a high rise office building , in the
year 2012
ATherms =2,089* 150,000 * (0.90-0.80)/0.80) / 100,000 Btu/Therm

=392 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION

N/A
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MEeASURE CopEe: CI-HVC-BOIL-V05-150601
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4.4.11 High Efficiency Furnace

DESCRIPTION

This measure covers the installation of a high efficiency gas furnace in lieu of a standard efficiency gas furnace in a
commercial or industrial space. High efficiency gas furnaces achieve savings through the utilization of a sealed,
super insulated combustion chamber, more efficient burners, and multiple heat exchangers that remove a
significant portion of the waste heat from the flue gasses. Because multiple heat exchangers are used to remove
waste heat from the escaping flue gasses, most of the flue gasses condense and must be drained. Furnaces
equipped with ECM fan motors can save additional electric energy

This measure was developed to be applicable to the following program types: TOS RF and EREP. If applied to other
program types, the measure savings should be verified.

Time of sale:

a. The installation of a new high efficiency, gas-fired condensing furnace in a commercial location.
This could relate to the replacement of an existing unit at the end of its useful life, or the
installation of a new system.

Early replacement:

Early Replacement determination will be based on meeting the following conditions:
* The existing unit is operational when replaced, or
*  The existing unit requires minor repairs (<$528)303,
*  All other conditions will be considered Time of Sale.
The Baseline AFUE of the existing unit replaced:
* If the AFUE of the existing unit is known and <=75%, the Baseline AFUE is the actual
AFUE value of the unit replaced. If the AFUE is >75%, the Baseline AFUE = 80%.
* If the AFUE of the existing unit is unknown, use assumptions in variable list below
(AFUE(exist)).
e If the operational status or repair cost of the existing unit is unknown, use time of sale
assumptions.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a furnace with input energy less than 225,000 Btu/hr
rated natural gas fired furnace with an Annual Fuel Utilization Efficiency (AFUE) rating and fan electrical efficiency
exceeding the program requirements:

DEFINITION OF BASELINE EQUIPMENT

Time of Sale: Although the current Federal Standard for gas furnaces is an AFUE rating of 78%, based upon review
of available product in the AHRI database, the baseline efficiency for this characterization is assumed to be 80%.
The baseline will be adjusted when the Federal Standard is updated.

Early replacement: The baseline for this measure is the efficiency of the existing equipment for the assumed
remaining useful life of the unit and a new baseline unit for the remainder of the measure life. As discussed above
we estimate that the new baseline unit that could be purchased in the year the existing unit would have needed
replacing is 90%

303 The Technical Advisory Committee agreed that if the cost of repair is less than 20% of the new baseline replacement cost it
can be considered early replacement. Note the non-inflated cost is used as this would be a cost consideration in the program
year.
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DEFINITION OF MEASURE LIFE

The expected measure life is assumed to be 16.5 years3%4

Remaining life of existing equipment is assumed to be 5.5 years305,

DEEMED MEASURE COST

Time of Sale: The incremental capital cost for this measure depends on efficiency as listed below3%6:

AFUE ‘ Installation Cost Incremental Install Cost

80% $2011 n/a

90% $2641 $630

91% $2727 $716

92% $2813 $802

93% $3049 $1,038

94% $3286 $1,275

95% $3522 $1,511

96% $3758 $1,747

Early Replacement: The full installation cost is provided in the table above. The assumed deferred cost (after 5.5
years) of replacing existing equipment with a new baseline unit is assumed to be $28763%7. This cost should be
discounted to present value using the utilities’ discount rate.

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = Heating Savings + Cooling Savings + Shoulder Season Savings
Where:

Heating Savings = Brushless DC motor or Electronically commutated motor (ECM)

304 Average of 15-18 year lifetime estimate made by the Consortium for Energy Efficiency in 2010.

305 Assumed to be one third of effective useful life

306 Based on data from Appendix E of the Appliance Standards Technical Support Documents including equipment cost and
installation labor (http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/fb_fr_tsd/appendix_e.pdf).
Where efficiency ratings are not provided, the values are interpolated from those that are.

307 $2641 inflated using 1.91% rate.
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=418 kWh308

Cooling Savings = Brushless DC motor or electronically commutated motor (ECM)
savings during cooling season

If air conditioning =263 kWh
If no air conditioning =175 kWh
If unknown (weighted average)= 241 kWh30°

Shoulder Season Savings = Brushless DC motor or electronically commutated motor (ECM)
savings during shoulder seasons

=51 kWh

EXAMPLE
For example, a blower motor in a low rise office building where air conditioning presence is unknown:
AkWh = Heating Savings + Cooling Savings + Shoulder Season Savings
=418 +241 + 51
=710 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

For units that have evaporator coils and condensing units and are cooling in the summer in addition to heating in
the winter the summer coincident peak demand savings should be calculated. If the unit is not equipment with
coils or condensing units, the summer peak demand savings will not apply.

AkW = (CoolingSavings/HOURSyear) * CF
Where:

HOURSyear = Actual hours per year if known, otherwise use hours from Table below for building type31°,

Building Type HOURSyear

Assembly 2150
Assisted Living 4373
College 1605
Convenience Store 2084
Elementary School 3276
Garage 2102
Grocery 2096
Healthcare Clinic 1987
High School 3141

308 To estimate heating, cooling and shoulder season savings for Illinois, VEIC adapted results from a 2009 Focus on Energy
study of BPM blower motor savings in Wisconsin. This study included effects of behavior change based on the efficiency of new
motor greatly increasing the amount of people that run the fan continuously. The savings from the Wisconsin study were
adjusted to account for different run hour assumptions (average values used) for Illinois. See: FOE to IL Blower Savings.xlsx.

309 The weighted average value is based on assumption that 75% of buildings installing BPM furnace blower motors have
Central AC.

310 Hours per year are estimated using the eQuest models as the total number of hours the cooling system is operating for each
building type.
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Hospital - VAV econ 2788
Hospital - CAV econ 2881
Hospital - CAV no econ 8760
Hospital - FCU 8729
Manufacturing Facility 2805
MF - High Rise 4237
MF - Mid Rise 2899
Hotel/Motel — Guest 4479
Hotel/Motel - Common 8712
Movie Theater 2120
Office - High Rise - VAV econ 2038
Office - High Rise - CAV econ 4849
Office - High Rise - CAV no econ 5682
Office - High Rise - FCU 3069
Office - Low Rise 2481
Office - Mid Rise 1881
Religious Building 2830
Restaurant 3350
Retail - Department Store 2528
Retail - Strip Mall 2266
Warehouse 770
Unknown 2718
CF =Summer Peak Coincidence Factor for measure is provided below for different building types311:
HVAC Pumps CF
Assembly 48.3%
Assisted Living 52.9%
College 14.2%
Convenience Store 57.1%
Elementary School 33.3%
Garage 61.9%
Grocery 47.5%
Healthcare Clinic 61.9%
High School 28.8%
Hospital - VAV econ 57.6%
Hospital - CAV econ 61.5%
Hospital - CAV no econ 64.8%
Hospital - FCU 60.9%
Manufacturing Facility 43.3%
MF - High Rise - Common 43.7%
MF - Mid Rise 24.3%
Hotel/Motel - Guest 62.9%
Hotel/Motel - Common 64.6%

311 Coincidence Factors are estimated using the eQuest models..
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HVAC Pumps CF
Movie Theater 41.9%
Office - High Rise - VAV econ 43.2%
Office - High Rise - CAV econ 48.3%
Office - High Rise - CAV no econ 50.3%
Office - High Rise - FCU 46.2%
Office - Low Rise 47.4%
Office - Mid Rise 42.8%
Religious Building 43.3%
Restaurant 48.8%
Retail - Department Store 50.5%
Retail - Strip Mall 52.8%
Warehouse 22.5%
Unknown 42.4%

EXAMPLE
For example, a blower motor in an low rise office building where air conditioning presence is unknown:
AKW  =(241/2481) * 0.474
=0.05 kW

NATURAL GAS ENERGY SAVINGS

Time of Sale:

ATherms = EFLH * Capacity * ((AFUE(eff) — AFUE(base))/AFUE(base))/ 100,000 Btu/Therm
Early replacement312;
ATherms for remaining life of existing unit (1st 5.5 years):

ATherms = EFLH * Capacity * ((AFUE(eff) — AFUE(exist))/ AFUE(exist)) / 100,000 Btu/Therm

ATherms for remaining measure life (next 11 years):

ATherms = EFLH * Capacity * ((AFUE(eff) - AFUE(base))/AFUE(base)) / 100,000 Btu/Therm
Where:
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End
Use
Capacity = Nominal Heating Input Capacity Furnace Size (Btu/hr) for efficient unit not
existing unit

= custom Furnace input capacity in Btu/hr

AFUE(exist) = Existing Furnace Annual Fuel Utilization Efficiency Rating

312 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).
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= Use actual AFUE rating where it is possible to measure or reasonably
estimate.

If unknown, assume 64.4 AFUE% 313,

AFUE(base) = Baseline Furnace Annual Fuel Utilization Efficiency Rating, dependant on year
as listed below:

Dependent on program type as listed below314:

Program Year AFUE(base)

Time of Sale 80%
Early Replacement 90%
AFUE(eff) = Efficent Furnace Annual Fuel Utilization Efficiency Rating.

= Actual. If Unknown, assume 95%315

EXAMPLE
For example, a 150,000 btu/hr 92% efficient furnace at a low rise office building in Rockford, in the year 2012
ATherms  =1428 * 150,000 * ((0.92-0.80)/0.80)/ 100,000
=321 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-FRNC-V06-160601

313 Average nameplate efficiencies of all Early Replacement qualifying equipment in Ameren PY3-PY4.

314 Though the Federal Minimum AFUE is 78%, there were only 50 models listed in the AHRI database at that level. At AFUE
79% the total rises to 308. There are 3,548 active furnace models listed with AFUE ratings between 78 and 80.

315Minimum ENERGY STAR efficiency after 2.1.2012.
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4.4.12 Infrared Heaters (all sizes), Low Intensity

DESCRIPTION

This measure applies to natural gas fired low-intensity infrared heaters with an electric ignition that use non-
conditioned air for combustion

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas heater with an electric ignition that uses
non-conditioned air for combustion

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a standard natural gas fired heater warm air heater.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years316

DEEMED MEASURE COST

The incremental capital cost for this measure is $1716317

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 451 Therms318

316ENERGY STAR and CEE do not currently provide calculators for this type of equipment therefore deemed values from Nicor
Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27,
2011

3171bid.

318Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.These
deemed values should be compared to PY evaluation and revised as necessary.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-IRHT-V01-120601
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4.4.13 Package Terminal Air Conditioner (PTAC) and Package Terminal Heat Pump (PTHP)

DESCRIPTION

A PTAC is a packaged terminal air conditioner that cools and sometimes provides heat through an electric
resistance heater (heat strip). A PTHP is a packaged terminal heat pump. A PTHP uses its compressor year round to
heat or cool. In warm weather, it efficiently captures heat from inside your building and pumps it outside for
cooling. In cool weather, it captures heat from outdoor air and pumps it into your home, adding heat from electric
heat strips as necessary to provide heat.

This measure characterizes:

a) Time of Sale: the purchase and installation of a new efficient PTAC or PTHP.

b) Early Replacement: the early removal of an existing PTAC or PTHP from service, prior to its natural
end of life, and replacement with a new efficient PTAC or PTHP unit. Savings are calculated between
existing unit and efficient unit consumption during the remaining life of the existing unit, and
between new baseline unit and efficient unit consumption for the remainder of the measure life. The
measure is only valid for non-fuel switching installations — for example replacing a cooling only PTAC
with a PTHP can currently not use the TRM.

This measure was developed to be applicable to the following program types: TOS NC, EREP. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be PTACs or PTHPs that exceed
baseline efficiencies.

DEFINITION OF BASELINE EQUIPMENT
Time of Sale: the baseline conditions is provided in the Federal Baseline reference table provided below.

Early Replacement: the baseline is the existing PTAC or PTHP for the assumed remaining useful life of the unit and
the new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years. 319

Remaining life of existing equipment is assumed to be 5 years32°

DEEMED MEASURE COST
Time of Sale: The incremental capital cost for this equipment is estimated to be $84/ton.321

Early Replacement: The measure cost is the full cost of removing the existing unit and installing a new one. The
actual program cost should be used. If unknown assume $1,047 per ton322,

The assumed deferred cost (after 5 years) of replacing existing equipment with new baseline unit is assumed to be
$1,039 per ton323, This cost should be discounted to present value using the utilities’ discount rate.

319 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007
320Standard assumption of one third of effective useful life.

321 DEER 2008. This assumes that baseline shift from IECC 2012 to IECC 2015 carries the same incremental costs. Values should
be verified during evaluation

322 Based on DCEO - IL PHA Efficient Living Program data.

323 Based on subtracting TOS incremental cost from the DCEO data and incorporating inflation rate of 1.91%.
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LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to lllinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 3
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 325
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Electric savings for PTACs and PTHPs should be calculated using the following algorithms

ENERGY SAVINGS
Time of Sale:
PTAC AkWh326 = Annual kWh Savingscool
PTHP AkWh = Annual kWh Savingscool + Annual kWh Savingsheat

Annual kWh Savingscool = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] * EFLHcool
Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHheat

Early Replacement:

AkWh for remaining life of existing unit (1% 5years) = Annual kWh Savingsceol + Annual kWh Savingsheat
Annual kWh Savingsco = (kBtu/hreeol) * [(1/EERexist) — (1/EERee)] * EFLHcool
Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPexist) — (1/COPee)] * EFLHneat

AkWh for remaining measure life (next 10 years) = Annual kWh Savingscool + Annual kWh Savingsheat

Annual kWh Savingsco = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] * EFLHcool

324 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

325 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

326 There are no heating efficiency improvements for PTACs since although some do provide heating, it is always through
electric resistance and therefore the COPbase and COPee would be 1.0.
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Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHheat

Where:

kBtu/hreool = capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals 12
kBtu/hr).

= Actual installed

EFLHcool = Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use:
EFLHheat = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use
EERexist = Energy Efficiency Ratio of the existing equipment

= Actual. If unknown assume 8.1 EER3%7
EERbase = Energy Efficiency Ratio of the baseline equipment; see the table below for values.

= Based on applicable IECC code on date of building permit (if unknown assume IECC
2015).

Copy of Table C403.2.3(3): Minimum Efficiency Reguirements: Electrically operated packaged terminal air
conditioners, packaged terminal heat pumps

IECC 2012 IECC 2015
Minimum Efficiency Minimum Efficiency

Equipment Type

PTAC (Cooling mode)
New Construction
PTAC (Cooling mode)
Replacements
PTHP (Cooling mode)
New Construction
PTHP (Cooling mode)
Replacements
PTHP (Heating mode)
New Construction
PTHP (Heating mode)
Replacements

13.8 —(0.300 x Cap/1000) EER 14.0 - (0.300 x Cap/1000) EER

10.9 - (0.213 x Cap/1000) EER 10.9 - (0.213 x Cap/1000) EER

14.0 - (0.300 x Cap/1000) EER 14.0 - (0.300 x Cap/1000) EER

10.8 - (0.213 x Cap/1000) EER 10.8 — (0.213 x Cap/1000) EER

3.2 -(0.026 x Cap/1000) COP 3.2 -(0.026 x Cap/1000) COP

2.9 —-(0.026 x Cap/1000) COP 2.9 -(0.026 x Cap/1000) COP

“Cap” = The rated cooling capacity of the project in Btu/hr. If the units capacity is less
than 7000 Btu/hr, use 7,000 Btu/hr in the calculation. If the unit’s capacity is greater
than 15,000 Btu/hr, use 15,000 Btu/hr in the calculations.

Replacement unit shall be factory labeled as follows “MANUFACTURED FOR
REPLACEMENT APPLICATIONS ONLY; NOT TO BE INSTALLED IN NEW CONSTRUCTION
PROJECTS”, Replacement efficiencies apply only to units with existing sleeves less than
16 inches (406mm) in height and less than 42 inches (1067 mm) in width.

EERee = Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units
< 65 kBtu/hr, if the actual EERee is unknown, assume the following conversion from
SEER to EER for calculation of peak savings328: EER = (-0.02 * SEER?) + (1.12 * SEER)

327 Estimated using the IECC building energy code up until year 2003 (p107;
https://law.resource.org/pub/us/code/ibr/icc.iecc.2000.pdf) and assuming a 1 ton unit; EER =10 —(0.16 * 12,000/1,000) = 8.1.
328 Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
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= Actual installed
kBtu/hrheat = capacity of the heating equipment in kBtu per hour.

= Actual installed
3.412 = Btu per Wh.
COPexist = coefficient of performance of the existing equipment

= Actual. If unknown assume 1.0 COP for PTAC units and 2.6 COP32° for PTHPs.
COPbase = coefficient of performance of the baseline equipment; see table above for values.
COPee = coefficient of performance of the energy efficient equipment.

= Actual installed

EXAMPLE:
Time of Sale (assuming new construction baseline):

For example a 1 ton PTAC with an efficient EER of 12 at a guest hotel in Rockford with a building permit
dated before 1/1/2016 saves:

=[(12) * [(1/10.2) — (1/12)] * 1,042
= 184 kWh

Early Replacement (assuming replacement baseline for deferred replacement in 5 years):

For example a 1 ton PTHP with an efficient EER of 12, COP of 3.0 at a guest hotel in Rockford replaces a
PTAC unit (with electric resistance heat) with unknown efficiency.

AkWh for remaining life of existing unit (1% Syears)
= (12 * (1/8.1-1/12) * 1,042) + (12/3.412 * (1/1.0 — 1/3.0) * 1,758)
=502 +4,122
=4,624 kWh

AkWh for remaining measure life (next 10 years)
= (12 * (1/8.3 — 1/12) * 1,042) + (12/3.412 * (1/1.0 — 1/3.0) * 1,758)
=465+ 4,122
= 34,587 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Time of Sale:

AkW = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] *CF
Early Replacement:

AkW for remaining life of existing unit (1% Syears) = (kBtu/hreool) * [(1/EERexist) — (1/EERee)] *CF

Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
329Estimated using the IECC building energy code up until year 2003 (p107;
https://law.resource.org/pub/us/code/ibr/icc.iecc.2000.pdf) and assuming a 1 ton unit; COP = 2.9 — (0.026 * 12,000/1,000) =
2.6
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AkW for remaining measure life (next 10 years) = (kBtu/hreoo) * [(1/EERbase) — (1/EERee)] *CF

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 3%
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8%3%%
EXAMPLE
Time of Sale:

For example a 1 ton replacement cooling unit with no heating with an efficient EER of 12 saves:
AkWssp =(12 * (1/10.2 -1/12) *0.913
=0.16 kW

For example a 1 ton PTHP with an efficient EER of 12, COP of 3.0 replacing a PTAC unit with unknown
efficiency saves:

AkW for remaining life of existing unit (1% Syears):
AkWssp =12 *(1/8.1-1/12) *0.913
=0.44 kW
AkW for remaining measure life (next 10 years):
AkWssp =12 *(1/8.3-1/12) * 0.913
=0.41 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CopEe: CI-HVC-PTAC-V07-160601

330 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

331 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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4.4.14 Pipe Insulation

DESCRIPTION

This measure provides rebates for installation of >1” or >2” fiberglass, foam, calcium silicate or other types of
insulation with similar insulating properties to existing bare pipe on straight piping as well as other pipe
components such as elbows, tees, valves, and flanges for all non-residential installations.

Default per linear foot savings estimates are provided for the both exposed indoor or above ground outdoor piping
distributing fluid in the following system types (natural gas fired systems only):

e Hydronic heating systems (with or without outdoor reset controls), including:
o boiler systems that do not circulate water around a central loop and operate upon demand
from a thermostat (“non-recirculation”)
o systems that recirculate during heating season only (“Recirculation — heating season only”)
o systems recirculating year round (“Recirculation — year round”)
e Domestic hot water
e Low and high-pressure steam systems
o non-recirculation
o recirculation - heating season only
o recirculation - year round

Process piping can also use the algorithms provided but requires custom entry of hours.

Minimum qualifying nominal pipe diameter is 1.” Indoor piping must have at least 1” of insulation and outdoor
piping must have at least 2” of insulation and include an all-weather protective jacket. New advanced insulating
materials may be thinner and savings can be calculated with 3E Plus.

This measure was developed to be applicable to the following program types: RF, DI
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is installing pipe wrap insulation to a length of pipe. Indoor piping must have at least 1” of
insulation (or equivalent R-value) and outdoor piping must have at least 2” of insulation (or equivalent R-value)
and include an all-weather protective jacket. Minimum qualifying pipe diameter is 1.” Insulation must be
continuous and contiguous over fittings that directly connect to straight pipe, including elbows and tees.332

DEFINITION OF BASELINE EQUIPMENT

The base case for savings estimates is a bare pipe. Pipes are required by new construction code to be insulated but
are still commonly found uninsulated in older commercial buildings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 15 years.333

DEEMED MEASURE COST

Actual costs should be used if known. Otherwise the deemed measure costs below based on RS Means334 pricing

332 ASHRAE Handbook—Fundamentals, 23.14; Hart, G., “Saving energy by insulating pipe components on steam and hot water
distribution systems”, ASHRAE Journal, October 2011

333 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_ GDS%5B1%5D.pdf

334 RS Means 2008. Mechanical Cost Data, pages 106 to 119

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 193 of 493


http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf

lllinois Statewide Technical Reference Manual - 4.4.14 Pipe Insulation

reference materials may be used.335 The following table summarizes the estimated costs for this measure per foot
of insulation added and include installation costs:

Insulation Thickness

1 Inch (Indoor) 2 Inches (Outdoor)

Pipe- RS Means # 220719.10.5170 220719.10.5530
Jacket- RS Means # 220719.10.0156 220719.10.0320
Jacket Type PVC Aluminum
Insulation Cost per foot $9.40 $13.90
Jacket Cost per foot $4.57 $7.30
Total Cost per foot $13.97 $21.20

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS SAVINGS
Atherms per foot336 = [((Quase — Qefr) * EFLH) / (100,000 * nBoiler)] * TRF

= [Modeled or provided by tables below] * TRF

Atherms = (Lsp + Loc,i) * Atherms per foot

Where:
EFLH = Equivalent Full Load Hours for Heating

= Actual or defaults by building type provided in Section 4.4, HVAC end use

335 RS Means 2010: “for fittings, add 3 linear feet for each fitting plus 4 linear feet for each flange of the fitting”
336This value comes from the reference table “Savings Summary by Building Type and System Type.” The formula and the input
tables in this section document assumptions used in calculation spreadsheet “Pipe Insulation Savings 2013-11-12.xIsx”
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Qbase

Qeff

100,000

nBoiler

TRF

For year round recirculation or domestic hot water:
= 8,766

For heating season recirculation, hours with the outside air temperature below 55°F:

Zone 1 (Rockford) 5,039

Zone 2 (Chicago) 4,963

Zone 3 (Springfield) 4,495

Zone 4 (Belleville/ 4,021
Zone 5 (Marion) 4,150
Zone 1 (Rockford) 5,039

= Heat Loss from Bare Pipe (Btu/hr/ft)

= Calculated where possible using 3E Plusv4.0 software. For defaults see table below
= Heat Loss from Insulated Pipe (Btu/hr/ft)

= Calculated where possible using 3E Plusv4.0 software. For defaults see table below
= conversion factor (1 therm = 100,000 Btu)

= Efficiency of the boiler being used to generate the hot water or steam in the pipe
= Actual or if unknown use default values given below:

= 81.9% for water boilers 337

= 80.7% for steam boilers, except multifamily low-pressure 338

= 64.8% for multifamily low-pressure steam boilers 33°

= Thermal Regain Factor for space type, applied only to space heating energy and is
applied to values resulting from Atherms/ft tables below 340

= See table below for base TRF values by pipe location

May vary seasonally such as: TRF[summer] * summer hours + TRF[winter] * winter
hours where TRF values reflecting summer and winter conditions are apportioned by
the hours for those conditions. TRF may also be adjusted by building specific balance
temperature and operating hours above and below that balance temperature.341

337 Average efficiencies of units from the California Energy Commission (CEC).

338 |bid.

339 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.

ASHRAE V99, pt. 2, 1993.

340 Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for
the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012 and
Andrews, John, Better Duct Systems for Home Heating and Cooling, U.S. Department of Energy, 2001. Recognizing the
differences between residential and commercial heating systems, the factors have been adjusted based on professional
judgment. This factor would benefit from additional study and evaluation.

341 Thermal Regain Factor_4-30-14.docx
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TRF, Thermal Regain

Pipe Location Assumed Regain
Factor
Outdoor 0% 1.0
Indoor, heated space 85% 0.15
Indoor, semi- heated, (unconditioned
space, with heat transfer to conditioned
. - 30% 0.70
space. E.g.: boiler room, ceiling plenum,
basement, crawlspace, wall)
Indoor, unheated, (no heat transfer to
. 0% 1.0
conditioned space)
Location not specified 85% 0.15
Custom Custom 1 - assumed regain
Lsp = Length of straight pipe to be insulated (linear foot)
= actual installed ((linear foot)
Loc,I = Total equivalent length of the other components (valves and tees) of pipe to be

insulated

= Actual installed (linear foot). See table “Equivalent Length of Other Components —
Elbows and Tees” for equivalent lengths.

The heat loss estimates (Qoase and Qert) were developed using the 3E Plus v4.0 software program.342 The energy
savings analysis is based on adding 1-inch (indoor) or 2-inch (outdoor) thick insulation around bare pipe. The
thermal conductivity of pipe insulation varies by material and temperature rating; to obtain a typical value, a range
of materials allowed for this measure were averaged. For insulation materials not in the table below, use 3E
Plusv4.0 software to calculate Quase and Qefr.

Insulation Type (Btu.i:;::;::.l“-’lll:té) 75F) Max temp (2F)

Polyethylene foam 0.25 200
Flexible polyurethane-based foam 0.27 200
Fiberglass 0.31 250
Melamine foam 0.26 350
Flexible silicon foam 0.40 392
Calcium silicate 0.40 1200
Cellular glass 0.31 400
Average conductivity of all these materials 0.31

(Btu.in / hr.ft2.2F @ 752F)

342 3E Plus is a heat loss calculation software provided by the NAIMA (North American Insulation Manufacturer Association).
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The pipe fluid temperature assumption used depends upon both the system type and whether there is outdoor
reset controls:

Fluid temperature

System Type assumption

(°F)
Hot Water space heating with outdoor reset - Non recirculation 145
Hot Water space heating without outdoor reset - Non recirculation 170
Hot Water space heating with outdoor reset — Recirculation heating season only 145
Hot Water space heating without outdoor reset — Recirculation heating season only 170
Hot Water space heating with outdoor reset — Recirculation year round 130
Hot Water space heating without outdoor reset — Recirculation year round 170
Domestic Hot Water 125
Low Pressure Steam 225
High Pressure Steam 312
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Indoor Insulation, Hot Indoor Insulation, Indoor Insulation, Domestic Hot Outdoor Insulation, Outdoor Insulation, Outdoor Insulation,
Water Low Pressure Steam High Pressure Steam Water Hot Water Low Pressure Steam High Pressure Steam
Insulation thickness (inch) 1 1 1 1 2 2 2
170 (w/o reset) 170 (w/o reset)
Temperature, Fluid in Pipe (2F)
145 (w/ reset heat) 225 312 125 145 (w/ reset heat) 225 312
130 (w/reset year) 130 (w/reset year)
Av. steam pressure (psig) n/a 10.9 82.8 n/a n/a 10.9 82.8

2,746 (non-recirc)
Operating Time (hrs/yr) 5,039 (recirc heating season)

8,760 (recirc year round)

Ambient Temperature (2F)3*3 75 75 75 75 48.6 48.6 48.6

Wind speed (mph)34 0 0 0 0 9.4 9.4 9.4

Pipe parameters

Pipe material Copper Steel Steel Copper Copper Steel Steel
Pipe size for Heat Loss Calc 2" 2" 2" 2" 2” 2” 2"
Outer Diameter, Pipe, actual 2.38” 2.38” 2.38” 2.38” 2.38” 2.38” 2.38”
114 (w/o reset) 460 (w/o reset)
Heat L B Pipe (fi 3EPI
eat Loss, Bare Pipe (from 3EPlus) | o0\ /o oot heat) 232 432 52 363 (w/ reset heat) 710 1101
(Btu/hr.ft)
58 (w/reset year) 306 (w/reset year)
Insulation parameters
Outer diameter, insulation 4.38” 4.38" 4.38” 4.38” 4.38” 4.38" 4.38"
24 (w/o reset) 21 (w/o reset)
Average Heat Loss, Insulation
17 t heat 40 70 13.25 16 t heat 32 52
(from 3EPlus) (Btu/hr.ft) (w/ reset heat) (/ reset heat)
13 (w/reset year) 13 (w/reset year)

343 DOE Weather Data.

http://appsl.eere.energy.gov/buildings/energyplus/weatherdata/4 north and central america_ wmo_region 4/1 usa/USA IL Aurora.Muni.AP.744655 TMY3.stat Ibid.
344 |bid.
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Outdoor Insulation,
High Pressure Steam

Outdoor Insulation,
Low Pressure Steam

Outdoor Insulation,
Hot Water

Domestic Hot
Water

Indoor Insulation,
High Pressure Steam

Indoor Insulation,
Low Pressure Steam

Indoor Insulation, Hot
Water

Annual Energy Savings

80.7% (64.8% for MF) 80.7%

Boiler / Water Heater efficiency

81.9%

80.7% (64.8% for MF) 80.7% 67% 81.9%

Annual Gas Use, Base Case
(therms/yr/ft)

3.8 (w/o reset)
4.8 (w/ reset heat)

6.2 (w/reset year)

7.9 (non recirc)
14.5 (recirc heat)

25.2 (recirc year)

14.7 (non recirc)
27.0 (recirc heat)

46.9 (recirc year)

15.4 (w/o reset)
6.76 22.5 (w/ reset heat)

32.7 (w/reset year)

24.1 (non recirc)
44.3 (recirc heat)

77.0 (recirc year)

37.5 (non recirc)
68.7 (recirc heat)

119.5 (recirc year)

Annual Gas Use, Measure case
(therms/yr/ft)

0.8 (w/o reset)
1.1 (w/ reset heat)

1.4 (w/reset year)

1.4 (non recirc)
2.5 (recirc heat)

4.4 (recirc year)

2.4 (non recirc)
4.4 (recirc heat)

7.6 (recirc year)

0.7 (w/o reset)
1.73 1.0 (w/ reset heat)

1.4 (w/reset year)

1.1 (non recirc)
2.0 (recirc heat)

3.4 (recirc year)

1.8 (non recirc)
3.2 (recirc heat)

5.6 (recirc year)

Annual Gas Savings (therms/yr/ft)

3.0 (w/o reset)
3.7 (w/ reset heat)

4.8 (w/reset year)

6.5 (non recirc)
12.0 (recirc heat)

20.8 (recirc year)

12.3 (non recirc)
22.6 (recirc heat)

39.3 (recirc year)

14.7 (w/o reset)
5.0 21.4 (w/ reset heat)

31.3 (w/reset year)

23.1 (non recirc)
42.3 (recirc heat)

73.6 (recirc year)

35.7 (non recirc)
65.5 (recirc heat)

113.9 (recirc year)

Heat = heating season only, year = year round
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Values below must be multiplied by the appropriate Thermal Regain Factor (TRF). All variables were the same
except for hours of operation in the calculation of the default savings per foot for the various building types and
applications as presented in the table below:

Savings Summary for Indoor pipe insulation by System Type and Building Type (Atherms per foot)
(continues for 3.5 pages)

Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  System Type Building Type Y I e (;5)

Assembly 1.32 1.36 1.21 0.81 1.24

Assisted Living 1.25 1.22 1.07 0.79 0.95

College 1.13 1.06 0.95 0.53 0.63

Convenience Store 1.10 1.01 0.90 0.65 0.72

Elementary School 1.32 1.29 1.13 0.78 0.95

Garage 0.73 0.72 0.63 0.50 0.56

Grocery 1.19 1.19 1.04 0.65 0.78

Healthcare Clinic 1.17 1.20 1.05 0.71 0.75

High School 1.37 1.38 1.23 0.88 1.03

Hospital - CAV no econ 131 1.35 1.15 0.99 1.12

Hospital - CAV econ 1.33 1.37 1.17 1.01 1.15

Hospital - VAV econ 0.54 0.51 0.39 0.23 0.25
Hot Water Space

oo Heating with Hospital - FCU 0.98 1.12 0.91 1.07 1.44

outdoorreset = |5t /Motel 131 1.27 1.14 0.78 0.96
non-recirculation

Hotel/Motel - Common 1.19 1.21 1.15 0.93 0.98

Hotel/Motel - Guest 1.30 1.26 1.13 0.75 0.93

Manufacturing Facility 0.78 0.75 0.70 0.42 0.47

MF - High Rise 1.13 1.12 1.02 0.87 0.87

MF - High Rise - Common 1.35 1.31 1.17 0.81 1.04

MF - High Rise - Residential 1.09 1.08 0.99 0.85 0.83

MF - Mid Rise 1.23 1.25 1.07 0.79 0.90

Movie Theater 1.35 133 1.24 0.94 1.12

Office - High Rise - CAV no econ 1.50 1.52 1.38 0.93 1.01

Office - High Rise - CAV econ 1.55 1.58 1.45 1.00 1.10

Office - High Rise - VAV econ 1.13 1.15 0.95 0.56 0.63

Office - High Rise - FCU 0.83 0.82 0.71 0.37 0.39
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  System Type Building Type T I (;5)

Office - Low Rise 1.06 1.06 0.84 0.51 0.59
Office - Mid Rise 1.17 1.18 0.99 0.63 0.70
Religious Building 1.19 1.11 1.07 0.78 0.89
Restaurant 1.00 1.00 0.90 0.68 0.81
Retail - Department Store 1.03 0.95 0.89 0.58 0.66
Retail - Strip Mall 0.99 0.91 0.81 0.56 0.60
Warehouse 1.08 1.01 1.04 0.65 0.80
Unknown 1.15 1.14 1.01 0.73 0.84
Assembly 1.96 2.00 1.79 1.19 1.83
Assisted Living 1.84 1.80 1.58 1.16 1.40
College 1.67 1.56 1.40 0.78 0.93
Convenience Store 1.62 1.50 1.33 0.95 1.06
Elementary School 1.95 1.90 1.68 1.16 1.40
Garage 1.08 1.06 0.93 0.74 0.82
Grocery 1.76 1.75 1.54 0.96 1.15
Healthcare Clinic 1.73 1.77 1.55 1.05 1.11
High School 2.02 2.03 1.82 1.30 1.52

Hot Water Space |Hospital - CAV no econ 1.93 1.99 1.69 1.46 1.65

Heating without 11 7 T CAV econ 196 | 2.03 1.73 1.50 1.70

outdoor reset —

non-recirculation [Hospital - VAV econ 0.80 0.76 0.57 0.34 0.37
Hospital - FCU 1.45 1.65 1.35 1.58 2.13
Hotel/Motel 1.93 1.87 1.69 1.16 1.41
Hotel/Motel - Common 1.75 1.78 1.69 1.38 1.45
Hotel/Motel - Guest 1.92 1.86 1.66 1.11 1.37
Manufacturing Facility 1.15 1.11 1.03 0.62 0.69
MF - High Rise 1.67 1.65 1.50 1.28 1.28
MF - High Rise - Common 1.99 1.93 1.73 1.19 1.54
MF - High Rise - Residential 1.61 1.60 1.46 1.26 1.23
MF - Mid Rise 1.82 1.84 1.59 1.17 1.33
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  System Type Building Type T I (;5 )
Movie Theater 1.99 1.96 1.83 1.39 1.66
Office - High Rise - CAV no econ 2.21 2.24 2.04 1.37 1.49
Office - High Rise - CAV econ 2.29 2.33 2.14 1.48 1.63
Office - High Rise - VAV econ 1.67 1.70 1.40 0.83 0.93
Office - High Rise - FCU 1.22 1.21 1.04 0.55 0.58
Office - Low Rise 1.56 1.56 1.24 0.76 0.87
Office - Mid Rise 1.73 1.74 1.47 0.94 1.04
Religious Building 1.75 1.65 1.58 1.15 1.32
Restaurant 1.48 1.48 1.33 1.01 1.19
Retail - Department Store 1.52 1.40 1.31 0.85 0.97
Retail - Strip Mall 1.46 1.35 1.19 0.82 0.89
Warehouse 1.59 1.49 1.53 0.96 1.18
Unknown 1.70 1.68 1.50 1.07 1.25
o, [ oo | 272 [ ase | am | 2s | a0
autdoorroset.[eason oniy (hows belowssry | SS1 | 543 | %2 | ad0 | asa
tdoorrosetround (apourey | 958 | 958 | 958 | 58 | 958
Domestic Hot |\ circulation loop 502 | 502 | 502 502 | 5.02
Water
Assembly 4.25 4.36 3.89 2.59 3.97
Assisted Living 4.01 3.92 3.44 2.53 3.04
College 3.64 3.40 3.04 1.69 2.02
Convenience Store 3.52 3.26 2.89 2.07 2.32
Elementary School 4.24 4.13 3.64 2.52 3.05
LP Steam — non-
recirculation  |Garage 2.34 231 2.03 1.62 1.79
Grocery 3.83 3.81 3.34 2.08 2.49
Healthcare Clinic 3.76 3.85 3.36 2.29 2.42
High School 4.39 4.42 3.96 2.82 3.30
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  System Type Building Type T I (;5)

Hospital - CAV no econ 4.20 433 3.69 3.17 3.60

Hospital - CAV econ 4.25 4.41 3.76 3.26 3.70

Hospital - VAV econ 1.74 1.65 1.24 0.75 0.81

Hospital - FCU 3.15 3.60 2.93 3.44 4.63

Hotel/Motel 4.19 4.07 3.67 2.51 3.07

Hotel/Motel - Common 3.81 3.87 3.68 3.00 3.15

Hotel/Motel - Guest 4.18 4.05 3.62 2.42 2.98
Manufacturing Facility 2.49 2.41 2.23 1.35 1.51

MF - High Rise 4.52 4.46 4.07 3.46 3.47

MF - High Rise - Common 5.38 5.22 4.68 3.23 4.17

MF - High Rise - Residential 4.37 434 3.94 3.41 3.33

MF - Mid Rise 494 4.99 4.30 3.16 3.60

Movie Theater 4.33 4.26 3.98 3.03 3.61

Office - High Rise - CAV no econ 4.81 4.88 4.45 2.98 3.24

Office - High Rise - CAV econ 4.97 5.07 4.66 3.21 3.54

Office - High Rise - VAV econ 3.64 3.71 3.06 1.81 2.01

Office - High Rise - FCU 2.66 2.62 2.27 1.20 1.26

Office - Low Rise 3.40 3.39 2.69 1.65 1.89

Office - Mid Rise 3.77 3.78 3.19 2.03 2.26

Religious Building 3.82 3.58 3.43 2.51 2.87

Restaurant 3.21 3.22 2.89 2.19 2.60

Retail - Department Store 3.31 3.04 2.86 1.86 2.12

Retail - Strip Mall 3.17 2.94 2.59 1.79 1.93

Warehouse 3.46 3.23 3.33 2.08 2.56

Unknown 3.70 3.66 3.26 2.34 2.71

LP Steam i:;:d;’r“fj'(SZS::‘;Z’ESV"S*‘;’:;“”g 1199 | 11.81 | 10.70 9.57 9.88
LP Steam f;'u?“;”(‘j;ﬂghséfic)i“”'ati°" year 2084 | 2084 | 2084 | 2084 | 2084
HP Steam — non- |Assembly 8.02 8.22 7.34 4.89 7.49
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  System Type Building Type T I (;5)
recirculation  |Assisted Living 7.56 7.39 6.49 4.77 5.73
College 6.87 6.42 5.73 3.18 3.81
Convenience Store 6.65 6.14 5.45 3.91 4.37
Elementary School 8.00 7.79 6.87 4.75 5.76
Garage 4.42 4.35 3.82 3.05 3.38
Grocery 7.22 7.19 6.30 3.93 4.70
Healthcare Clinic 7.09 7.27 6.35 4.32 4.57
High School 8.28 8.34 7.48 5.33 6.23
Hospital - CAV no econ 7.92 8.16 6.95 5.98 6.79
Hospital - CAV econ 8.03 8.32 7.09 6.14 6.98
Hospital - VAV econ 3.28 3.12 2.35 1.41 1.53
Hospital - FCU 5.95 6.79 5.53 6.50 8.73
Hotel/Motel 7.91 7.69 6.93 4.74 5.79
Hotel/Motel - Common 7.18 7.30 6.95 5.65 5.94
Hotel/Motel - Guest 7.89 7.64 6.83 4.57 5.62
Manufacturing Facility 4.70 4.55 4.22 2.55 2.84
MF - High Rise 6.85 6.76 6.16 5.25 5.26
MF - High Rise - Common 8.15 7.91 7.09 4.89 6.31
MF - High Rise - Residential 6.62 6.57 5.97 5.17 5.04
MF - Mid Rise 7.48 7.57 6.51 4.79 5.46
Movie Theater 8.16 8.04 7.52 5.71 6.80
Office - High Rise - CAV no econ 9.07 9.20 8.39 5.62 6.12
Office - High Rise - CAV econ 9.38 9.57 8.80 6.06 6.67
Office - High Rise - VAV econ 6.86 6.99 5.76 3.41 3.80
Office - High Rise - FCU 5.02 4.95 4.27 2.27 2.38
Office - Low Rise 6.41 6.40 5.08 3.11 3.56
Office - Mid Rise 7.12 7.12 6.03 3.84 4.27
Religious Building 7.20 6.75 6.46 473 5.41
Restaurant 6.06 6.08 5.46 4.13 4.90
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location System Type Building Type foned Zo.ne 2 Zf)ne.3 Zone'4 £ones
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Retail - Department Store 6.25 5.74 5.39 3.51 4.00
Retail - Strip Mall 5.98 5.54 4.89 3.37 3.63
Warehouse 6.53 6.09 6.29 3.93 4.84
Unknown 6.97 6.91 6.14 441 5.11

All buildings, Recirculation heating

season only (Hours below 55F) 22.62 22.28 20.18 18.05 18.63

HP Steam

All buildings, Recirculation year

round (All hours) 39.32 39.32 39.32 39.32 39.32

HP Steam

Savings Summary for Outdoor pipe insulation by System Type and Building Type (Atherms per foot)
(continues for 3.5 pages)

Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location System Type Building Type foned Zo.ne 2 Z?ne.3 Zone'4 £ones
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Assembly 7.58 7.77 6.94 4.62 7.08
Assisted Living 7.14 6.98 6.13 4.51 5.42
College 6.49 6.07 5.41 3.01 3.60
Convenience Store 6.28 5.80 5.15 3.70 4.13
Elementary School 7.56 7.36 6.50 4.49 5.44
Garage 4.18 4.11 3.61 2.88 3.19
Hot Water Space |Grocery 6.82 6.80 5.96 3.72 4.44
Outdoor | _MeME W Ipjezthcare Clinic 670 | 687 | 6.00 409 | 432
non-recirculation |Hjgh School 7.83 7.88 7.07 5.03 5.89
Hospital - CAV no econ 7.49 7.71 6.57 5.65 6.41
Hospital - CAV econ 7.59 7.86 6.70 5.81 6.60
Hospital - VAV econ 3.10 2.95 2.22 1.33 1.44
Hospital - FCU 5.62 6.42 5.23 6.14 8.26
Hotel/Motel 7.47 7.26 6.55 4.48 5.47
Hotel/Motel - Common 6.79 6.90 6.57 5.34 5.61
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  Systam Type Building Type R (;5)

Hotel/Motel - Guest 7.46 7.22 6.45 4.32 5.31
Manufacturing Facility 4.45 4.30 3.98 2.41 2.69
MF - High Rise 6.48 6.39 5.83 4.96 4.97
MF - High Rise - Common 7.70 7.48 6.70 4.62 5.96
MF - High Rise - Residential 6.26 6.21 5.64 4.89 4.77
MF - Mid Rise 7.07 7.15 6.15 4.53 5.16
Movie Theater 7.71 7.60 7.10 5.40 6.43
Office - High Rise - CAV no econ 8.57 8.70 7.93 5.31 5.78
Office - High Rise - CAV econ 8.86 9.04 8.32 5.73 6.31
Office - High Rise - VAV econ 6.48 6.61 5.45 3.22 3.59
Office - High Rise - FCU 4.75 4.67 4.04 2.14 2.25
Office - Low Rise 6.06 6.05 4.80 2.94 3.36
Office - Mid Rise 6.73 6.73 5.70 3.63 4.03
Religious Building 6.80 6.38 6.11 4.47 5.11
Restaurant 5.73 5.75 5.16 3.90 4.63
Retail - Department Store 5.91 5.42 5.09 3.31 3.78
Retail - Strip Mall 5.65 5.23 4.62 3.19 3.44
Warehouse 6.18 5.76 5.94 3.71 4.57
Unknown 6.59 6.53 5.81 4.17 4.83
Assembly 9.59 9.83 8.77 5.85 8.96
Assisted Living 9.04 8.83 7.76 5.70 6.86
College 8.21 7.68 6.85 3.80 4.56
Convenience Store 7.95 7.34 6.52 4.68 5.22

Hot Water Space |Elementary School 9.56 9.32 8.22 5.68 6.89

Heating without | == 0 528 | 520 457 365 | 4.04

outdoor reset —

non-recirculation |Grocery 8.63 8.60 7.54 4.70 5.62
Healthcare Clinic 8.47 8.70 7.59 5.17 5.47
High School 9.90 9.97 8.94 6.37 7.45
Hospital - CAV no econ 9.47 9.76 8.31 7.15 8.11
Hospital - CAV econ 9.60 9.95 8.48 7.35 8.34
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  Systam Type Building Type R (;5 )

Hospital - VAV econ 3.93 3.73 2.80 1.68 1.82

Hospital - FCU 7.11 8.12 6.61 7.77 10.45

Hotel/Motel 9.45 9.19 8.29 5.67 6.92

Hotel/Motel - Common 8.59 8.73 8.31 6.76 7.10

Hotel/Motel - Guest 9.44 9.13 8.16 5.47 6.72

Manufacturing Facility 5.63 5.44 5.04 3.05 3.40

MF - High Rise 8.19 8.08 7.37 6.27 6.29

MF - High Rise - Common 9.74 9.46 8.48 5.85 7.54

MF - High Rise - Residential 7.92 7.86 7.14 6.18 6.03

MF - Mid Rise 8.94 9.05 7.78 5.73 6.53

Movie Theater 9.76 9.61 8.99 6.83 8.14

Office - High Rise - CAV no econ 10.84 11.01 10.03 6.72 7.32

Office - High Rise - CAV econ 11.21 11.44 10.52 7.25 7.98

Office - High Rise - VAV econ 8.20 8.36 6.89 4.07 4.54

Office - High Rise - FCU 6.00 5.91 5.11 271 2.84

Office - Low Rise 7.67 7.65 6.08 3.72 4.25

Office - Mid Rise 8.51 8.52 7.21 4.59 5.10

Religious Building 8.61 8.07 7.73 5.66 6.47

Restaurant 7.25 7.27 6.53 4.94 5.85

Retail - Department Store 7.47 6.86 6.44 4.19 478

Retail - Strip Mall 7.15 6.62 5.85 4.03 4.35

Warehouse 7.81 7.29 7.52 4.69 5.78

Unknown 8.34 8.26 7.35 5.27 6.11

o e e ™ | 2138 | 2106 | 1907 | 106 | w761
e oo | 2705 | asea | 2013 | 2158 | 22
H::Qé‘gff:e";’:th f;'utr’é"(‘i{ﬂghsészc)'“”'at'°" year 3130 | 31.30 | 3130 | 3130 | 31.30
Flot Water without f;'utr’:é"(‘j;ﬂghzfg'“”'at'°" year 47.02 | 4702 | 47.02 | 47.02 | 47.02
LP Steam —non- | Assembly 15.01 | 1538 | 13.73 9.15 14.02
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  Systam Type Building Type R (;5)
recirculation  |Assisted Living 14.14 13.82 12.15 8.93 10.73
College 12.85 12.01 10.72 5.95 7.13
Convenience Store 12.44 11.49 10.20 7.32 8.17
Elementary School 14.96 14.58 12.86 8.88 10.78
Garage 8.27 8.14 7.15 5.71 6.32
Grocery 13.51 13.46 11.80 7.36 8.79
Healthcare Clinic 13.26 13.61 11.88 8.09 8.56
High School 15.50 15.60 13.99 9.97 11.66
Hospital - CAV no econ 14.82 15.27 13.01 11.19 12.70
Hospital - CAV econ 15.02 15.57 13.27 11.50 13.06
Hospital - VAV econ 6.14 5.84 4.39 2.64 2.85
Hospital - FCU 11.13 12.71 10.35 12.16 16.35
Hotel/Motel 14.80 14.38 12.97 8.87 10.84
Hotel/Motel - Common 13.45 13.66 13.00 10.58 11.12
Hotel/Motel - Guest 14.77 14.29 12.78 8.56 10.52
Manufacturing Facility 8.80 851 7.89 4.77 5.32
MF - High Rise 15.97 15.76 14.37 12.23 12.26
MF - High Rise - Common 18.99 18.44 16.53 11.39 14.71
MF - High Rise - Residential 15.43 15.31 13.92 12.05 11.75
MF - Mid Rise 17.43 17.63 15.17 11.16 12.72
Movie Theater 15.27 15.05 14.07 10.69 12.73
Office - High Rise - CAV no econ | 16.97 17.22 15.70 10.51 11.45
Office - High Rise - CAV econ 17.55 17.91 16.47 11.35 12.49
Office - High Rise - VAV econ 12.83 13.09 10.79 6.37 7.11
Office - High Rise - FCU 9.40 9.26 8.00 4.25 4.45
Office - Low Rise 12.00 11.97 9.51 5.82 6.66
Office - Mid Rise 13.32 13.33 11.28 7.18 7.98
Religious Building 13.47 12.64 12.10 8.86 10.13
Restaurant 11.34 11.38 10.21 7.73 9.16
Retail - Department Store 11.69 10.74 10.08 6.56 7.48
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
Location|  Systam Type Building Type R (;5 )
Retail - Strip Mall 11.19 | 10.36 9.15 6.31 6.80
Warehouse 1223 | 11.40 | 11.77 7.35 9.05
Unknown 13.05 | 12.93 | 11.50 8.25 9.57
LP Steam i;i’g:dgglg;'(:zii:sc‘t‘)fmnsh;a)“”g 4233 | 4169 | 3776 | 3378 | 34.86
LP Steam f;'u?]‘;”(‘ﬁﬂghsésic)"w'a“°” year 7359 | 73.59 | 7359 | 73.59 | 73.59
Assembly 2324 | 2381 | 21.26 14.16 | 21.70
Assisted Living 21.89 | 21.40 | 18.80 13.82 | 16.61
College 19.90 | 1860 | 16.60 922 | 11.04
Convenience Store 19.26 17.79 15.79 11.33 12.65
Elementary School 23.16 22.57 19.91 13.75 16.69
Garage 12.80 | 12.60 | 11.08 8.84 9.78
Grocery 2091 | 2083 | 18.26 1139 | 13.61
Healthcare Clinic 2053 | 21.07 | 18.39 1253 | 13.25
High School 2399 | 2415 | 21.66 15.43 | 18.05
Hospital - CAV no econ 22.94 23.64 20.14 17.32 19.66
Hospital - CAV econ 2325 | 2410 | 2054 17.80 | 20.22
HP Steam — non. | HOsPital - VAV econ 9.51 9.03 6.79 4.08 4.42
recirculation o chital - FCU 1724 | 1967 | 16.02 18.82 | 25.31
Hotel/Motel 2290 | 2227 | 2008 13.74 | 16.77
Hotel/Motel - Common 20.81 21.15 20.13 16.38 17.21
Hotel/Motel - Guest 2287 | 2213 | 19.78 1324 | 16.28
Manufacturing Facility 1363 | 13.18 | 12.21 7.38 8.24
MF - High Rise 19.85 | 1959 | 17.86 1520 | 15.24
MF - High Rise - Common 2360 | 2292 | 2055 14.16 | 18.28
MF - High Rise - Residential 19.18 | 19.03 | 17.30 14.98 | 14.61
MF - Mid Rise 2167 | 2192 | 18.86 13.87 | 15.81
Movie Theater 23.64 23.29 21.78 16.55 19.71
Office - High Rise - CAV no econ 26.27 26.66 24.30 16.28 17.73
Office - High Rise - CAV econ 2716 | 2772 | 25.49 17.57 | 19.33
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Annual therm Savings per linear foot (therm /ft)

(2" pipe / 1" insulation for hot water, 2" insulation for

steam)

Location|  Systam Type Building Type R (;5 )

Office - High Rise - VAV econ 19.87 | 2026 | 16.70 9.87 | 11.00

Office - High Rise - FCU 1454 | 1433 | 1238 657 | 6.89

Office - Low Rise 1858 | 1853 | 14.72 9.00 | 1031

Office - Mid Rise 2061 | 2064 | 17.46 | 11.12 | 1236

Religious Building 2085 | 1956 | 1872 | 13.71 | 1567

Restaurant 1755 | 17.61 | 1581 | 1196 | 14.18

Retail - Department Store 18.10 16.63 15.61 10.16 11.58

Retail - Strip Mall 1732 | 1604 | 1417 9.77 | 1053

Warehouse 18.93 17.65 18.21 11.37 14.02

Unknown 20.20 20.01 17.80 12.77 14.81

HP Steam i'ats’;:d;:f;'(:zii::‘éfgsvnsh;jﬁ”g 6553 | 64.54 | 5845 | 5229 | 53.97
HP Steam fc')'uz‘;i'(‘j;ﬂghséjfsj"c”'a“°" year 113.92 | 113.92 | 113.92 | 113.92 | 113.92

For insulation covering elbows and tees that connect straight pipe, a calculated surface area will be assumed
based on the dimensions for fittings given by ANSI/ASME B36.19. The surface area is then converted to an
equivalent length of pipe that must be added to the total length of straight pipe in order to calculate total
savings. Equivalent pipe lengths are given in 1” increments in pipe diameter for simplicity. In the case of
pipe diameters in between full inch diameters, the closest equivalent length should be used. The larger pipe
sizes mostly apply to steam header piping, which has the most heat loss per foot.

Calculated Surface Areas of Elbows and Tees
Calculated Surface Area (ft)

Nominal Pipe

Diameter 90 Degree Elbow3* Straight Tee34®
1” 0.10 0.13
2” 0.41 0.39
3” 0.93 0.77
4” 1.64 1.21
5”7 2.57 1.77
6” 3.70 2.44

345 Based on the dimensions for diameter, long radius, and short radius given by ANSI/ASME 36.19
346 Based on the center to face and diameter dimensions given by ANSI/ASME B36.19
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Nominal Pipe

Calculated Surface Area (ft)

Diameter 90 Degree Elbow3* Straight Tee34¢
8” 6.58 3.95
10” 10.28 5.98
12” 14.80 8.34

Nominal Pipe

Diameter

Equivalent Length of Other Components — Elbows and Tees (Loc)

Equivalent Length of Other Components (ft)

For insulation around valves or flanges, a surface area from ASTM standard C1129-12 will be assumed for 2”

90 Degree Elbow Straight Tee
1” 0.30 0.38
2" 0.66 0.63
3” 1.01 0.84
4” 1.40 1.03
5” 1.76 1.22
6" 2.13 1.41
8” 291 1.75
10” 3.65 2.13
12" 4.44 2.50

pipes. For 1” pipes, which weren’t included in the standard, a linear-trended value will be used. The surface
area is then converted to an equivalent length of either 1” or 2” straight pipe that must be added to the
total length of straight pipe in order to calculate total savings.

Calculated Surface Areas of Flanges and Valves

Flanges

Class (psi) Class (psi) 300

NPS (in) NPS (in) ft?
1 0.69 1.8 1.8 2.4 1 0.36 0.36 0.4 1.23
2 2.21 2.94 2.94 5.2 2 0.71 0.84 0.88 1.54

2.5 2.97 3.51 391 6.6
3 3.37 4.39 4.69 6.5 3 1.06 1.32 1.36 1.85
4 4.68 6.06 7.64 9.37 4 1.44 1.83 2.23 2.64
6 7.03 9.71 13.03 15.8 6 2.04 2.72 3.6 4.37
8 10.3 135 18.4 23.8 8 2.92 3.74 4.89 6.4
10 13.8 18 26.5 321 10 3.68 4.8 6.93 8.47
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12

31.9

12

Flanges

6.34

10.43

ANSI Class (psi)

Equivalent Length of Other Components - Flanges and Valves (Loc)
Equivalent Length of Other Components (ft)

1” Valve 1” Flange 2” Valve 2” Flange
150 3.56 1.05 3.56 1.14
300 4.73 1.05 4.73 1.35
600 4.73 1.16 4.73 1.42
900 8.37 3.57 8.37 2.48

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PINS-V04-160601
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4.4.15 Single-Package and Split System Unitary Air Conditioners

DESCRIPTION

This measure promotes the installation of high-efficiency unitary air-, water-, and evaporatively cooled air
conditioning equipment, both single-package and split systems. Air conditioning (AC) systems are a major
consumer of electricity and systems that exceed baseline efficiencies can save considerable amounts of energy.
This measure could apply to the replacing of an existing unit at the end of its useful life or the installation of a new
unit in a new or existing building.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high-efficiency air-, water-, or
evaporatively cooled air conditioner that exceeds the energy efficiency requirements of the 2012 or 2015
(applicable from 01/01/2016) International Energy Conservation Code (IECC), depending on the IECC in effect on
the date of the building permit (if unknown assume IECC 2015).

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air-,
water, or evaporatively cooled air conditioner that meets the energy efficiency requirements of the 2012 or 2015
IECC, depending on the IECC in effect on the date of the building permit (if unknown assume IECC 2015). For Time
of Sale programs assume IECC 2015 The rating conditions for the baseline and efficient equipment efficiencies
must be equivalent.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.347

DEeeMED MEASURE COST

The incremental capital cost for this measure is assumed to be $100 per ton.348

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to Illinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 34°
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

347 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.
348 Based on a review of TRM incremental cost assumptions from Vermont, Wisconsin, and California. This assumes that
baseline shift from IECC 2012 to IECC 2015 carries the same incremental costs. Values should be verified during evaluation

349 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.
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= 47.8% 3%

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where:

For units with cooling capacities less than 65 kBtu/hr:

AkWH

= (kBtu/hr) * [(1/SEERbase) — (1/SEERee)] * EFLH

For units with cooling capacities equal to or greater than 65 kBtu/hr:

AkWH

kBtu/hr

SEERbase

SEERee
EERbase

EERee

EFLH

= (kBtu/hr) * [(1/EERbase) — (1/EERee)] * EFLH

= capacity of the cooling equipment actually installed in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr)

= Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER values from tables below, based on applicable IECC on date of building permit (if
unknown assume IECC 2015).

= Seasonal Energy Efficiency Ratio of the energy efficient equipment (actually installed)
= Energy Efficiency Ratio of the baseline equipment

= EER values from tables below, based on applicable IECC on date of the building permit
(if unknown assume IECC 2015). (For air-cooled units < 65 kBtu/hr, assume the following
conversion from SEER to EER for calculation of peak savings:3°1 EER = (-0.02 * SEER?) +
(1.12 * SEER))

= Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65
kBtu/hr, if the actual EERee is unknown, assume the conversion from SEER to EER for
calculation of peak savings as above).

= Actual installed

= Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use

350 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

351 Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
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2012 |IECC Minimum Efficiency Requirements

TABLE C403.2.3(1)

MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATECORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION | Bafore BAR0TT | A of BAZ0TT | PROCEDURE?
Aur conditloners - Spl" S}'Etl:‘m 13.0 3EER 13.0 SEER
- < 65,000 Biwh® Al
air cooled . . Single Package | 130SEER | 13.0SEER
Through-the-wall c , Split system 12.0 SEER 12.0 SEER AHRI
. < 30,000 B/t Al .
fair cooled) ’ Single Package | 120SEER | 120SEER | 10240
Small- duct high veloclly | g5 000 Buu/h* Al Split System 10.0 SEER 10.0 SEER
[alr cooled)
Eleciric Resistance Split System and 11.2 EER 11.2 EER
= 55-”“'3|“'l'="1 for None) Single Package 114 [EER 11.4 [EER
il
= 135,000 Bavh ; Split System and 11.0 EER 11.0 EER
: . All ather Single Package 11.2 IEER 11.2 IEER
Electric Resistance Split Systemn and 11.0 EER 11.0 EER
E '35-'3”5* Bouh for None) Single Package 11.2 [EER 11.2 [EER
i
« 240,000 Bawh ; Split System and 10.8 EER 10.8 EER
Atr conditioners, ! All ather Single Package 11.0 IEER 11.0 IEER AHRI
dlr cocled Electric Reslstance | Split System and 10.0 EER 10.0 EER 340360
E 3*”—'3'3[: Bauh for None) Single Package 10.1 IEER 10.1 IEER
A
< TG0,000 Bah ; Split Systern and R EER 98 FER
! All other Single Package 9.9 [EER 9.8 [EER
Electric Resistance Split System and 0.7 EER 9.TEER
< 760,000 Bash {or Nane) :?Jnglf‘ Package 08 ||.-:]1-'.H [I.E'; ||.-:].-'R
All other Split System and 0.5 EER 0.5 EER
’ Single Package 16 IEER 0.6 IEER
o . . Split System and 121 EER 1Z1 EER AHRI
< 85,000 Bty Al Single Package | 1231EER | 123IEER | 2100240
Eleciric Resistance Split System and 11.5 EER 121 EE
E 435-*3*3"3|H'u="1 for None) Single Package 11.7 IEER 1231E
i " m—
< 135,000 Buh ; Split System and 11.3EER 11.9 EER
: . All ather Single Package 115 IEER 12.1 IEER
. Electric Resistance Split Systemn and 11.0 EER 125 EER
2 |3J-'JE'EIP Buh for None) Single Package 11.2 IEER 12.7 IEER
A
Adr conditloners, < 240,000 B f Split System and 10.8 EER 123 EER
water cooled : ! All ather Single Package 11.0 IEER 125 IEER AHRI
Electric Resistance | Split System and 11.0 EER 124 EER 340v360
2 Eiﬂ-ﬂﬂf: Buh for None) Single Package 11.1 IEER 126 IEER
ang - —
< TG0,000 Bah I SFI]JI: S}'ﬁlf‘m and 10.8 EER 12.2 EER
! All other Single Package 10.9 IEER 124 IEER
Electric Resistance Split System and 11.0 EER 120 EI
'E rl 'E
< TR0.000 Bash {or None) :?Jnglr Package 11.1 ][1.|..|-1 124 ][1.[.]-1
All ather Split System and 10.8 EER 120 EER
: Single Package 10.9 IEER 12.2 IEER
(ot tmied)
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TABLE C403.2.3(1)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SIZECATEGORY | greTionTYPE | RATING CONDITION | Bafors 8172071 | As of 672011 | PROCEDURE®
< RE b Split System and 12.1 EER 12.1 EER AHRI
< 65,000 Btw/h Al Single Package 12.3 TEER 1231EER | 210/240
Electric Resistance Split System and 11.5 EER 12.1 EER
2 55-%5‘““ {or None) Single Package 11.7 IEER 12.3 [EER
< 135,000 Btwh Split System and 11.3 EER 11.9 EER
. All other Single Package 115 IEER 12.1 [EER
Electric Resistance Split System and 11.0 EER 12.0 EER
z 135-003 Btu/h {or None) Single Package 11.2 IEER 12.2 IEER
Air conditioners, =240 3160 Btuwh All other Split System and 10.8 EER 11.8 EER
evaporatively cool ' ingle Fackage . a
p ly cooled Single Packag 11.0 IEER 12.0 IEER AHRI
Electric Resistance | Split System and 11.0 EER 11.9 EER 340/360
= 24“-003 Btw/h {or None) Single Package 11.1 IEER 12.1 IEER
an
< 760,000 Btuh All other Split System and 10.8 EER 12.2 EER
Single Package 10.9 IEER 11.9 IEER
Electric Resistance Split System and 10.0 EER 11.7 EER
(or None) Single Package 11.1 IEER 11.9 IEER
= 760,000 Btwh
All other Split System and 10.8 EER 11.5 EER
Single Package 10.9 IEER 11.7 IEER
Condensing units, 10.1 EER 10.5 EER.
air cooled 2 135,000 Baw'h 11.4 IEER 14.0 IEER
Condensing units, 13.1 EER 13.5 EER AHRI
water cooled 2 135,000 Bewh I361EER | 14.0IEER 365
Condensing units, 13.1 EER 13.5 EER
evaporatively cooled | = 133.000 Biwh 13.6 IEER 14.0 [EER

For SI: 1 British thermal unit per hour = 0.2931 W.

a. Chapter & of the referenced standard contains a complete specification of the referenced test procedure, including the reference year version of the test
procedure,

b. Single-phase, air-cooled air conditioners less than 65,000 Btw'h are regulated by NAECA. SEER values are those set by NAECA.
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2015 |ECC Minimum Efficiency Requirements

TABLE mlﬁi‘
MINIMUM EFFICIENCY NTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUPMENTTYPE | SZECATEGORY |  ¢ecmioNTYPE | RATING CONDITION [“Betors 712076 | 23 of 17172076 | PROCEDURE®
= stem 130SEER | 1308
Air conditioners, | _ 45 000 Bru® Al Wy e s
air cooled Single Package 13.0SEER | 14.0SEER'
Through-the-wall BT 5 Split system 120SEER | I120SEER AHRI
(air cooled) S Single Package | 120SEER | 120SEER | 210240
Small-duct high-velocity | »
Gircoalid) < 65,000 Bruh Al Split System 11.0 SEER 11.0 SEER
. Electric Resistance | Sphit System and 112 EER 11.2EER
-'-55-0&93“11* (or None) Single Package 114IEER 128 [EER
- 135.000 Brah Sk Split System and 110 EER 11.0EER
Single Package 11.2IEER 126 [EER
= Electric Resistance | Sphit System and 110EER 11.0EER
- 135-23 Buh (or Noae) Single Package 11.2IEER 124 [EER
< 240,000 Buh All other Split System and 108 EER 10.8 EER
Air conditioners, Single Package 11.0IEER 122 IEER AHRI
ar cooled o Electric Resistance | Split System and 100 EER 10.0 EER 340360
- -40-3 Buh (or None) Single Package 10.1 [EER 11.6 EER
<760, Split System and 0.8 EER 98 EER
60,000 Bra/h All other Single Package 99 [EER 114 EER
Electric Resistance | Split System and 9.7EER 9.7EER
(or Noae) Single Package 98 IEER 112 EER
2760,
e o Split Systemand | 95 EER OSEER
ot Single Package 96 EER 11.0 [EER
Split System and 121 EER 12.1EER ARRI
- 65,000 Bru® Al Single Package | 123IEER | 123IEER | 210240
N Electric Resistance | Split System and 121 EER 121 EER
'65’?&“3 (or Noae) Single Package 123IEER 139 EER
< 135,000 Bwh All other Split System and 119 EER 11.9EER
Single Package 12.1 [EER 137 EER
N Electric Resistance | Split System and 125 EER 125 EER
= 135,000 Buh (or None) Single Package 125IEER | 139IEER
Air conditioners, ‘)40%3“1, Split System and 123 EER 123 EER
water cooled i AR Single Package | 12SIEER | 137IEER AHRI
i Electic Resistance | Split System and 124EER 124EER 340360
- -40-&? Buh (or None) Single Package | I126IEER | 136IEER
-7 Split System and 122 EER 122EER
R All other Single Package | 124IEER | 134IEER
Electic Resistance | Sphit System and 122 EER 122 EER
N : 124IEER 13.5 EER
2760,000 Bruh [—— ) = .
AR Split System and 120EER 12.0EER
other Single Package 122 [EER 133 EER
(continued)
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TABLE WSQEWMM
MINIMUM EFFICIENC QUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENTTYPE | SEZECATEGORY |  ¢eemiONTYPE | RATING CONDITION | Befors 1712016 | As of 1172016 | PROCEDURE®
s Spht Systemand | 121 EER. 121 EER ARRI
65,000 Bt Al Single Package | 123IEER 123IEER | 210240
i Electnc Resistance | Split System and 121 EER 12.1 EER
- 5>~mm‘1h (or None) Single Package 123IEER 123 EER
135, SphtSystemand | 119 EER N9 EER
e Dan Ao Single Package | I121IEER | I121IEER
5135 Elecmc Resistance | Split System and 120EER 120EER
=15 2‘?‘? Bul (or None) Single Package 122 EER 122 [EER
Airconditicners, | 240 SphtSystemand | 118 EER 118EER
evaporanvely cooled oo All ot Single Package 120IEER 120 IEER AHRI
. Electic Resistance | Sphit Systemand | 119 EER TIOEER | 340360
B -wﬁ’ Bul (or None) Single Package 12.1 [EER 12.1 [EER
760. Split System and 11.7EER 11.7EER
o s All other Single Package 11.9IEER 119 [EER
Electric Resistance | Split System and 11.7EER 11.7EER
: (or None) Single Package 11.9 [EER 119 [EER
2760,
. e Sphit Systemand | 115SEER 1S EER
Single Package 11.7[EER 117 EER
Condensing wits, | - 10SEER 105 EER
air cooled 2 135,000 Bk 11.8 [EER 118 [EER
Condensing wmits, | - 135EER 135 EER AHRI
water cooled 2135,000 Buh 14.0 [EER 14.0 [EER 365
Condensing wits, | - .. 135 EER 135 EER
evaporatively cooled | = 12-:000 Bk 140EER 14.0 [EER

For SI: 1 British thermal unit per hour =0.2031 W

a. Chapter § contamns a complete speciSication of the referenced test procedure. including the reference year versicn of the test procedire
b. Single-phase. ax-cooled ar conditioners less than 65,000 Bru'h are regulated by NAECA. SEER values are those set by NAECA.

¢. Meninmm efficiency as of Jamuary 1, 2015

For example a 5 ton air cooled split system with a SEER of 15 at a retail strip mall in Rockford would save:
AKWH = (60) * [(1/13) —(1/15)] * 950
=585 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkWssp = (kBtu/hr * (1/EERbase - 1/EERee)) * CFssp
AkWpm = (kBtu/hr * (1/EERbase - 1/EERee)) * CFpim

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 352
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 353

352 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

353Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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For example, a 5 ton air cooled split system with a SEER of 15 in Rockford would save:
AkWssp = (60) * [(1/13) —(1/15)] * .913
=0.562 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

MEASURE CoDE: CI-HVC-SPUA-V04-160601

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 219 of 493



Illinois Statewide Technical Reference Manual- 4.4.16 Steam Trap Replacement Repair

4.4.16 Steam Trap Replacement or Repair

DESCRIPTION

The measure is for the repair or replacement of faulty steam traps that are allowing excess steam to escape and
thereby increasing steam generation. The measure is applicable to commercial applications, commercial HVAC
(low pressure steam) including multifamily buildings, low pressure industrial applications, medium pressure
industrial applications, applications and high pressure industrial applications.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Customers must have leaking traps to qualify for rebates. However, if a commercial customer opts to replace all
traps without inspection, rebates and the savings are discounted to take into consideration the fact that some
traps are being replaced that have not yet failed.

DEFINITION OF BASELINE EQUIPMENT

The baseline criterion is a faulty steam trap in need of replacing. No minimum leak rate is required. Any leaking or
blow through trap can be repaired or replaced. If a commercial customer chooses to repair or replace all the
steam traps at the facility without verification, the savings are adjusted. Savings for commercial full replacement
projects are reduced by the percentage of traps found to be leaking on average from the studies listed. If an audit
is performed on a commercial site, then the leaking and blowdown can be adjusted.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 6 years3%4

DEEMED MEASURE COST

Steam System Cost per trap®>> ($)

Commercial Dry Cleaners 77
Commercial Heating (including Multifamily), low pressure steam 77
Industrial Medium Pressure >15 psig psig < 30 psig 180
Steam Trap, Industrial Medium Pressure >30 <75 psig 223
Steam Trap, Industrial High Pressure 275 <125 psig 276
Steam Trap, Industrial High Pressure 2125 <175 psig 322
Steam Trap, Industrial High Pressure 2175 <250 psig 370
Steam Trap, Industrial High Pressure 2250 psig 418
Steam Trap, Industrial Medium Pressure 230 <75 psig 223

354Source paper is the CLEAResult "Steam Traps Revision #1" dated August 2011. Primary studies used to prepare the source
paper include Enbridge Steam Trap Survey, KW Engineering Steam Trap Survey, Enbridge Steam Saver Program 2005,
Armstrong Steam Trap Survey, DOE Federal Energy Management Program Steam Trap Performance Assessment, Oak Ridge
National Laboratory Steam System Survey Guide, KEMA Evaluation of PG&E's Steam Trap Program, Sept. 2007. Communication
with vendors suggested a inverted bucket steam trap life typically in the range of 5 - 7 years, float and thermostatic traps 4- 6
years, float and thermodynamic disc traps of 1 - 3 years. Cost does not include installation.

355 | bid.
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Steam System Cost per trap>> ($)

Steam Trap, Industrial High Pressure 275 <125 psig 276
Steam Trap, Industrial High Pressure 2125 <175 psig 322
Steam Trap, Industrial High Pressure 2175 <250 psig 370
Steam Trap, Industrial High Pressure 2250 psig 418

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS
ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherm =Sa * (Hv/B) * Hours * L / 100,000
Where:
Sa = Average actual steam loss per leaking trap
=24.24 x Piax D*x Ax FF
Where:
24.24 = Constant Ib/(hr-psia-in?)

Pia = Pig + Patm

= Average steam trap inlet pressure, absolute, psia

Pig = Average steam trap inlet pressure, gauge, psig
Patm = Atmospheric pressure, 14.7 psia

D = Diameter of Orifice, in.

A = Adjustment factor
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= 50%,356 all steam systems. This factor is to account for reducing the maximum
theoretical steam flow to the average steam flow (the Enbridge factor).

FF = Flow Factor. In addition to the Adjustment factor (A), an additional 50 percent flow
factor adjustment is recommended for medium and high pressure steam systems to
address industrial float and thermostatic style traps where additional blockage is

possible.
Average Diameter Average Actual
. Steam Trap of Orifice Adjustment Flow Steam Loss per
¥ Inlet Pressure in Factor Factor Leaking Trap
psig3%? (Ib/hr/trap)
Commercial Dry Cleaners - - 50% 100% 19.1
Commercial Heating (including Multifamily) LPS - - 50% 100% 6.9
Industrial or Process Low Pressure, <15 psig - - 50% 100% 6.9
Medium Pressure >15 psig < 30 psig 16 0.1875 50% 50% 6.5
Medium Pressure 230 <75 psig 47 0.2500 50% 50% 234
High Pressure >75 <125 psig 101 0.2500 50% 50% 43.8
High Pressure 2125 <175 psig 146 0.2500 50% 50% 60.9
High Pressure 2175 <250 psig 202 0.2500 50% 50% 82.1
High Pressure 2250 <300 psig 263 0.2500 50% 50% 105.2
High Pressure > 300 psig Custom Custom 50% 50% Calculated
Hv = Heat of vaporization of steam
Average Inlet He.at c_:f 358
Steam System Pressure bsi Vaporization
psie (Btu/Ib)

Commercial Dry Cleaners -- 890

Commercial Heating (including Multifamily) LPS - 951

Industrial and Process Low Pressure <15 psig -- 951

Medium Pressure >15 psig < 30 psig 16 944

Medium Pressure >30 <75 psig 47 915

High Pressure 275 <125 psig 101 880

High Pressure 2125 <175 psig 146 859

High Pressure 2175 <250 psig 202 837

356 Enbridge adjustment factor used as referenced in CLEAResult “Work Paper Steam Traps Revision #2" Revision 3 dated March
2, 2012 and DOE Federal Energy Management Program Steam Trap Performance Assessment.

357 Medium and high pressure steam trap inlet pressure based on Navigant analysis of source collected during program
implementation by Nicor Gas for GPY1 through GPY4. For each steam trap project, the data provided measure savings
description, operating pressure, installation Zip code, business building type, program year, and annual operating hours.

358 Heat of vaporization of steam at the inlet pressure to the steam trap. Implicit assumption that the average boiler nominal
pressure where the vaporization occurs, is essentially that same pressure. Referenced in CLEAResult “Work Paper Steam Traps
Revision #2" Revision 3 dated March 2, 2012.
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High Pressure 2250 <300 psig 263 816
High Pressure > 300 psig -- Custom
B = Boiler efficiency

= custom, if unknown:
= 80.7% for steam boilers, except multifamily low-pressure 3%°
= 64.8% for multifamily low-pressure steam boilers 360
Hours = Annual operating hours of steam plant
= custom, if unknown:

Zone (where

Steam System applicable) Hours/Yr36L

Commercial Dry Cleaners 2,425

Industrial and Process Low Pressure <15 psig 8,282

Medium Pressure >15 psig < 30 psig 8,282

Medium Pressure 230 <75 psig 8,282
All Climate Zones

High Pressure 275 <125 psig 8,282

High Pressure 2125 <175 psig 8,282

High Pressure 2175 <250 psig 8,282

High Pressure 2250 psig 8,282

1 (Rockford) 4,272

2 (Chicago O'Hare) 4,029

Commercial Heating (including Multifamily)LPS362 3 (Springfield) 3,406

4 (Belleville) 2,515

5 (Marion) 2,546

L = Leaking & blow-thru

L is 1.0 when applied to the replacment of an individual leaking trap. If a number of steam traps are
replaced and the system has not been audited, the leaking and blow-thru is applied to reflect the
assumed percentage of steam traps that were actually leaking and need to be replaced. A custom value
can be utilized if a supported by an evaluation.

359 |bid.

360 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.
ASHRAE V99, pt. 2, 1993.

361 Medium and high pressure steam trap annual operating hours based on Navigant analysis of source collected during
program implementation by Nicor Gas for GPY1 through GPY4. For each steam trap project, the data provided measure savings
description, operating pressure, installation Zip code, business building type, program year, and annual operating hours.

362 Since commercial LPS reflect heating systems, Hours/yr are equivalent to HDD55 zone table
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Steam System L (%)363

Custom Custom
Commercial Dry Cleaners 27%
Commercial Heating (including Multifamily) LPS 27%
Industrial and Process Low Pressure <15 psig 16%
Medium Pressure >15 psig < 30 psig 16%
Medium Pressure >30 <75 psig 16%
High Pressure 275 <125 psig 16%
High Pressure 2125 <175 psig 16%
High Pressure 2175 <250 psig 16%
High Pressure > 300 psig 16%

EXAMPLE
For example, a commercial dry cleaning facility with the default hours of operation and boiler efficiency;
ATherms = Sa * (Hv/B) * Hours * L
=19.1 Ibs/hr/trap * (890 Btu/lb / 80%)/100,000 * 2,425 * 27%
= 138.8 therms per trap

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-HVC-STRE-V04-160601

363Dry cleaners survey data as referenced in CLEAResult “Work Paper Steam Traps Revision #2" Revision 3 dated March 2, 2012.
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4.4.17 Variable Speed Drives for HYAC Pumps and Cooling Tower Fans

DESCRIPTION

This measure is applied to variable speed drives (VSD) which are installed on the following HVAC system
applications: chilled water pump, hot water pumps. There is a separate measure for HVAC supply and return fans.
All other VSD applications require custom analysis by the program administrator. The VSD will modulate the speed
of the motor when it does not need to run at full load. Since the power of the motor is proportional to the cube of
the speed for these types of applications, significant energy savings will result.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The VSD is applied to a motor which does not have a VSD. The application must have a variable load and
installation is to include the necessary controls. Savings are based on application of VSDs to a range of baseline
load conditions including no control, inlet guide vanes, outlet guide vanes and throttling valves.

DEFINITION OF BASELINE EQUIPMENT

The time of sale baseline is a new motor installed without a VSD or other methods of control. Retrofit baseline is
an existing motor operating as is. Retrofit baselines may or may not include guide vanes, throttling valves or other
methods of control. This information shall be collected from the customer.

Installations of new equipment with VSDs which are required by IECC 2012 or 2015 as adopted by the State of
lllinois are not eligible for incentives.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for HVAC application is 15 years;364 measure life for process is 10 years.365

DEEMED MEASURE COST

Customer provided costs will be used when available. Default measure costs3%® are noted below for up to 20 hp

motors. Custom costs must be gathered from the customer for motor sizes not listed below.

HP Cost

1-5HP $1,330
7.5HP $1,622
10 HP $1,898
15 HP $2,518
20 HP $ 3,059

LOADSHAPE
Loadshape C42 - VFD - Boiler feedwater pumps <10 HP
Loadshape C43 - VFD - Chilled water pumps <10 HP

364 Efficiency Vermont TRM 10/26/11 for HVAC VSD motors

365 DEER 2008

366 Ohio TRM 8/6/2010 varies by motor/fan size based on equipment costs from Granger 2008 Catalog pp 286-289, average
across available voltages and models. Labor costs from RS Means Data 2008 Ohio average cost adjustment applied.
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Loadshape C44 - VFD Boiler circulation pumps <10 HP
Loadshape C48 - VFD Boiler draft fans <10 HP
Loadshape C49 - VFD Cooling Tower Fans <10 HP

COINCIDENCE FACTOR

The demand savings factor (DSF) is already based upon coincident savings, and thus there is no additional
coincidence factor for this characterization.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = BHP /EFFi * Hours * ESF
Where:
BHP = System Brake Horsepower
(Nominal motor HP * Motor load factor)

Motors are assumed to have a load factor of 65% for calculating kW if actual values
cannot be determined38”. Custom load factor may be applied if known.

EFFi = Motor efficiency, installed. Actual motor efficiency shall be used to calculate kW. If
not known a default value of 93% shall be used.368

Hours = Default hours are provided for HVAC applications which vary by HVAC application and
building type3®°. When available, actual hours should be used.

o Heatin Coolin Heating and
Building Type Run Hougrs Run Hofrs Cooling an Hours
Assembly 4388 2150 7235
Assisted Living 4711 4373 8760
College 3990 1605 6103
Convenience Store 4136 2084 7004
Elementary School 5105 3276 7522
Garage 4849 2102 7357
Grocery 4200 2096 7403
Healthcare Clinic 5481 1987 6345
High School 5480 3141 7879
Hospital - VAV econ 3718 2788 8760

367 Del Balso, Ryan J. “Investigation into the Reliability of Energy Efficiency/Demand Side Management Savings Estimates for
Variable Frequency Drives in Commercial Applications”, University of Colorado, Department of Civil, Environmental and
Architectural Engineering, 2013.

368 Ohio TRM 8/6/2010 pp207-209, Com Ed TRM June 1, 2010.

369 Hours per year are estimated using the eQuest models as the total number of hours the heating or cooling system is
operating for each building type. “Heating and Cooling Run Hours” are estimated as the total number of hours fans are
operating for heating, cooling and ventilation for each building type. This may overclaim certain applications (e.g. pumps) and
so where possible actual hours should be used for these applications.
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o Heating Cooling Heating and
Building Type Run Hours Run Hours Cooling Run Hours
Hospital - CAV econ 7170 2881 8760
Hospital - CAV no econ 7139 8760 8760
Hospital - FCU 5844 8729 8760
Manufacturing Facility 3821 2805 8706
MF - High Rise 4522 4237 8760
MF - Mid Rise 5749 2899 8760
Hotel/Motel - Guest 4480 4479 8760
Hotel/Motel - Common 3292 8712 8760
Movie Theater 5063 2120 7505
Office - High Rise - VAV econ 4094 2038 6064
Office - High Rise - CAV econ 5361 4849 5697
Office - High Rise - CAV no econ 5331 5682 5682
Office - High Rise - FCU 3758 3069 6163
Office - Low Rise 3834 2481 6288
Office - Mid Rise 3977 1881 6125
Religious Building 5199 2830 7380
Restaurant 4579 3350 7809
Retail - Department Store 4249 2528 6890
Retail - Strip Mall 4475 2266 6846
Warehouse 4606 770 6786
Unknown 4649 2718 7100

The type of hours to apply depends on the VFD application, according to the table below.

Application Hours Type

Hot Water Pump Heating
Chilled Water Pump Cooling
Air Foil/Backward Incline Heating and Cooling
Air Foil/Backward Incline Inlet Guide Vanes Heating and Cooling
Forward Curved Fan, with Discharge Dampers Heating and Cooling
Forward Curved Inlet Guide Vanes Heating and Cooling
ESF = Energy savings factor varies by VFD application. Units are kW/HP.
Application ESF37°
Hot Water Pump 0.424
Chilled Water Pump 0.411
Air Foil/backward incline 0.354
Air Foil/ backward incline inlet Guide Vanes 0.227

370 Based on the methodology described in the CT TRM; derived using a temperature BIN analysis of typical heating, cooling and
fan load profiles.
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Application ESF370

Forward Curved Fan, with discharge dampers 0.179

Forward Curved Inlet Guide Vanes 0.092

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW =BHP/EFFi * DSF

Where:
DSF = Demand Savings Factor varies by VFD application.3"? Units are kW/HP. Values listed
below are based on typical peak load for the listed application.
Application ‘ DSF

Hot Water Pump 0

Chilled Water Pump 0.299
Air foil / backward incline 0.260
Air Foil / backward incline inlet Guide Vanes 0.130
Forward Curved Fan, with discharge dampers 0.136
Forward Curved Inlet Guide Vanes 0.029

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

There are no expected fossil fuel impacts for this measure.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-VSDHP-V03-160601

371 1bid

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 228 of 493



Illinois Statewide Technical Reference Manual- 4.4.18 Small Commercial Programmable Thermostats

4.4.18 Small Commercial Programmable Thermostats

DESCRIPTION

This measure characterizes the energy savings from the installation of a new Programmable Thermostat for
reduced heating energy consumption through temperature set-back during unoccupied or reduced demand times.
This measure is limited to small businesses, as they have smaller HVAC systems that are similar to residential HVAC
systems and may be controlled by a simple manual adjustment thermostat. Mid to large sized businesses will
typically have a building automation system or some other form of automated HVAC controls. Therefore, it is
limited to select building types, including small office, retail — strip mall, restaurants (characterized as 1, 2 or 3
meal), small manufacturing, religious facilities, and convenience stores. This measure is only appropriate for single
zone heating systems. Custom calculations are required for savings for programmable thermostats installed in
multi-zone systems.

This measure was developed to be applicable to the following program types: RF, DI.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure are established by replacement of a manual-only temperature control, with one that
has the capability to adjust temperature setpoints according to a schedule without manual intervention.
DEFINITION OF BASELINE EQUIPMENT

For new thermostats the baseline is a non-programmable thermostat requiring manual intervention to change
temperature setpoint.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a programmable thermostat is assumed to be 8 years372 based upon equipment life
only373, For the purposes of claiming savings for a new programmable thermostat, this is reduced by a 50%
persistence factor to give a final measure life of 4 years.

DEEMED MEASURE COST

Actual material and labor costs should be used if the implementation method allows. If unknown the capital and
labor cost for this measure is assumed to be $181 per thermostat37. For the purposes of screening and planning it
should be assumed that one thermostat will serve 5 tons of Cooling Capacity at a cost of $36.20 / ton or 115kBtuh
of Heating Capacity at a cost of $1.57 / kBtu.

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

372Table 1, HVAC Controls, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS
Associates, 2007

373 Future evaluation is strongly encouraged to inform the persistence of savings to further refine measure life assumption. As
this characterization depends heavily upon a large scale but only 2-year study of the energy impacts of programmable
thermostats, the longer term impacts should be assessed.

374 Nicor Rider 30 Business EER Program Database, Paid Rebates with Programmable Thermostat Installation Costs, Program to
Date as of January 11, 2013.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS®7®

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

The following equations are used to calculate baseline and proposed electric energy use.The  savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Electric Energy Use Equations (kWh / ton)

Assembly

Continuous

CZ+Fu*(0.83*Tc+0.83*Th+1.67*Ws-293.018)-0.0922*Tc*Th+1.291*Ws

Intermittent

CZ+Fu*(1.911-0.12*Tc)+Tc*(0.00311* Ws-0.229)+0.11* Ws

Convenience
Store

Continuous

CZ+Fu*(-28.629*Tc-11.69*Th+19.118*Ws-2935.12)+0.909* Ws

Intermittent

CZ+Tc*(0.0863*Ws-12.688)+Th*(0.043* Ws-6.38)+1.669* Ws

Office — Low Rise

Continuous

CZ+Fu*(7.082*Tc-41.199*Th+18.734*Ws-3288.55)+Tc*(0.205* Ws-34.929)

Intermittent

CZ+Tc*(0.0806*Ws-8.984)+Th*(0.0864* Ws-9.558)+1.178* Ws

Continuous CZ+Fu*(-1.579*Tc-18.14*Th+15.01* Ws-2417.74)+Tc*(0.177* Ws-26.412)
Religious
Intermittent CZ+Fu*(0.266*Tc-2.067)+Tc*(0.0295* Ws-4.502)+Th*(0.0517*Ws-8.251)+0.735* Ws
Continuous CZ+Fu*(0.678*Tc+0.257*Th+2.88* Ws-494.006)+Tc*(0.0231* Ws-
Restaurant — 4,074)+Th*(0.00936*Ws-1.655)+0.918*Ws
Fast Food Intermittent CZ+Fu*(0.377*Tc+0.124*Th+0.13*Ws-24.893)+Tc*(-0.0143*Th+0.0166* Ws-
2.691)+0.898*Ws
Restaurant - Continuous CZ+Fu*(-8.41*Th+11.766*Ws-1910.81)+Tc*(0.282* Ws-43.851)
Full Service Intermittent CZ+0.123*Fu*Tc+Tc*(0.0561*Ws-8.237)+Th*(0.0219*Ws-3.284)+1.038* Ws
Retail - Continuous CZ+Fu*(-1.475*Th+0.755*Ws-114.373)+Th*(0.151*Ws-24.016)+1.612*Ws
Department
Store Intermittent CZ+Tc*(0.0173*Ws-1.912)+Th*(0.0249*Ws-3.29)+0.511*Ws
Retail — Strip Continuous CZ+Fu*(1.077*Tc-10.697*Th+6.91* Ws-1117.18)+Tc*(0.0583*Ws-7.54)+1.231* Ws
Mall Intermittent CZ+0.0894*Fu*Tc+Th*(-0.0142* Tc+0.04* Ws-5.278)+0.884* Ws
Where:

= Climate Zone Coefficient

375 Savings equations and factors determined by regression of results of a series of eQuest simulations. See Programmable T-
Stat Work Paper_PECI_FinalDraft_140730_Redline.docx for details.

ILTRM v5.0 Vol. 2_February 11, 2016_Final

Page 230 of 493




Illinois Statewide Technical Reference Manual- 4.4.18 Small Commercial Programmable Thermostats

Tc

Th

Fo

Fu

Electric Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied

=Depends on Building Type and Fan Mode During Occupied Period (see table below)

Degrees of Cooling Setback °F
Must be between 0-15°F

Degrees of Heating Setback °F
=Must be between 0-15°F

= Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)

= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Fan Mode During Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Weekly Hours thermostat is in Occupied mode

= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)

(e.g.: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59)

Fan Mode During Climate Zone Coefficient (CZ)376

Mini
Building Type Occupied Period nllnllﬂr;‘s -
Continuous 911.366 | 928.924 | 1152.83 | 1208.999 1210.173
Assembly 98
Intermittent 735.752 | 762.831 | 966.562 | 998.927 1028.906
Convenience Continuous 4817.094 | 4832.784 | 5139.133 | 5182.161 5208.608 108
Store Intermittent 1478.133 | 1514.568 | 1784.384 | 1843.463 1930.47
Continuous 5047.662 | 5039.592 | 5187.924 | 5217.672 5177.449
Office - Low Rise 55
Intermittent 825.072 | 808.965 | 946.571 | 979.421 945.418
Continuous 4197.117 | 4172.858 | 4380.025 | 4370.008 | 4356.054
Religious Facility 133
Intermittent 632.404 | 603.395 | 678.294 | 664.717 616.853
Restaurant — Fast Continuous 1342.988 | 1378.661 | 1664.018 | 1714.201 1727.841 108
Food Intermittent 993.764 | 1039.643 1307.8 | 1340.544 1389.791
Restaurant — Full Continuous 4070.35 | 4094.742 | 4428.966 | 4501.829 | 4522.522 .
Service Intermittent 1472.014 | 1516.05 | 1856.108 | 1938.441 2056.45
o~ Continuous 1510.201 | 1496.47 | 1706.105 | 1716.128 1688.464
Retail 93
Department Store Intermittent 701.27 | 702.129 | 847.735 875.12 881.677
Retail — Strip Mall Continuous 1926.294 | 1930.137 | 2156.856 | 2174.435 2165.03 93
¢]

376 Climate Zones Refrenced in Section 3.7, Table 3.6
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Fan Mode During Climate Zone Coefficient (CZ)376
Building Type Occupied Period

Minimu
W.
(Fo) m Ws

Intermittent 656.479 | 673.257 | 835.906 | 850.322 869.921

EXAMPLE

A low rise office in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and has a 10 ton DX RTU
controlled by a manual thermostat. The fan runs continuously during the occupied hours and building staff do
not manually change the fan mode, cooling or heating setpoints during unoccupied periods.

A programmable thermostat is installed by a contractor who sets the occupied schedule to Mon-Fri 7AM-6PM
with a 10°F cooling and heating unoccupied temperature setback. The contractor also programs the fan to
operate continuously during the occupied periods and to intermittent “auto” during the unoccupied periods.

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use(kWh/Ton)] * Cooling Capacity (Tons)
Baseline Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
=5047.662+0*(7.082*0-41.199*0+18.734*168-3288.55)+0*(0.205*168-34.929)
=5,047.662 kWh/Ton
Proposed Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
=5047.662+1*(7.082*10-41.199*10+18.734*55-3288.55)+10%(0.205*55-34.929)
=2,211.722 kWh/Ton
AkWh  =1[5,047.622 (kWh/Ton) — 2,211.722 (kWh/Ton)] * 10 Tons
=2,835.89 kWh/Ton * 10 Tons
=28,358.9 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

The following equations are used to calculate baseline and proposed natural gas energy use. The savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Natural Gas Energy Use Equations (therms / kbtu output)
Fan Mode During

Building Type Equation

Occupied Period (Fo)
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Fan Mode During

Building Type Equation

Occupied Period (Fo)

Assembly

Continuous

Intermittent

CZ+Fu*(0.232*Th+0.0984*Ws-18.79)+Th*(0.00271*WSs-0.535)+0.0142* Ws

CZ+Fu*(0.00405*Th+0.000519*WSs-0.11)+Th*(0.0000689* Ws-
0.0118)+0.0022*Ws

Convenience Store

Continuous

Intermittent

CZ+Fu*(0.00545*Th-0.00251* Ws+0.416)+Th*(0.000123*Ws-
0.0204)+0.00183*Ws

CZ+Fu*(0.00231*Th-0.0349)+Th*(0.000309* Ws-0.0494)+0.00266*Ws

Office — Low Rise

Continuous

Intermittent

CZ+Fu*(0.0205* Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
CZ+Fu*(0.00745*Th-0.142)+Th*(0.00077*Ws-0.111)+0.00199* Ws

Religious

Continuous

Intermittent

CZ+0.00791*Fu*Th+Th*(0.00096* Ws-0.167)+0.00184*Ws
CZ+Fu*(0.00143*Th-0.0309)+Th*(0.0008* Ws-0.134)+0.00219* Ws

Restaurant — Fast
Food

Continuous

Intermittent

CZ+Fu*(0.0431*Th+0.0424*Ws-7.517)+Th*(0.00113*Ws-0.213)+0.0119*Ws

CZ+Fu*(0.0125*Th+0.0036*Ws-0.71)+Th*(0.000329* Ws-
0.0615)+0.00738*Ws

Restaurant —Full
Service

Continuous

Intermittent

CZ+Fu*(0.00445*Ws-0.535)+Th*(0.000679* Ws-0.1)+0.00218* Ws

CZ+Fu*(0.00144*Th+0.000262*WSs-0.0553)+Th*(0.00018* Ws-
0.0299)+0.00166*Ws

Retail — Department
Store

Continuous

Intermittent

€Z+0.00203*Fu*Th+Th*(0.000591* Ws-0.0812)+0.00194* Ws
CZ+Th*(0.000406*Ws-0.0611)+0.00228* Ws

Retail — Strip Mall

Continuous

Intermittent

CZ+Fu*(0.00998*Th+0.00207*Ws-0.206)+Th*(0.000665* Ws-
0.101)+0.00292*Ws

CZ+Fu*(0.00383*Th-0.0656)+Th*(0.000575* Ws-0.0912)+0.00249* Ws

Where:
cz = Climate Zone Coefficient
= Depends on Building Type and Fan Mode During Occupied Period (see table below)
Th = Degrees of Heating Setback °F
= Must be between 0-15°F
Fo = Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)
= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Fu = Fan Mode During Unoccupied Period
=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Ws = Weekly Hours thermostat is in Occupied mode
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= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)
(e.g.: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59)

Natural Gas Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied
Climate Zone Coefficient (CZ)

Fan Mode During Occupied Period (Fo)

Building Type
Continuous 19.872 | 17.83 | 15.828 | 15.282 13.482

Assembly 98
Intermittent 0.237 | 0.0989 | 0.0267 | -0.0131 | -0.0871
Continuous 1.493 1.081 0.782 0.544 0.114

Convenience Store 108
Intermittent 1.128 0.854 0.619 0.437 0.0854
Continuous 1.718 1.317 0.971 0.739 0.319

Office - Low Rise 55
Intermittent 3.447 3.022 2.503 2.251 1.646
Continuous 6.294 5.55 4.678 4.202 3.122

Religious Facility 133
Intermittent 5.914 5.368 4.557 4.137 3.246
Continuous 8.383 7.211 6.034 5.767 4.71

Restaurant - Fast Food 108
Intermittent 1.227 0.636 0.302 0.102 -0.262
Continuous 5.247 4.484 3.753 3.465 2.627

Restaurant - Full Service 117
Intermittent 0.951 0.704 0.51 0.381 0.0746
Continuous 4.385 3.854 3.192 2.784 1.858

Retail — Department Store 93
Intermittent 3.061 2.672 2.182 1.829 1.008
Continuous 3.917 3.394 2.728 2.394 1.617

Retail — Strip Mall 93
Intermittent 2.659 2.292 1.811 1.543 0.909

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PROG-V02-150601
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4.4.19 Demand Controlled Ventilation

DESCRIPTION

Demand control ventilation (DCV) adjusts outside ventilation air based on the number of occupants and the
ventilation demands that those occupants create. DCV is part of a building's ventilation system control strategy. It
may include hardware, software, and controls as an integral part of a building's ventilation design. Active control
of the ventilation system provides the opportunity to reduce heating and cooling energy use.

The primary component is a control sensor to communicate either directly with the economizer or with a central
computer. The component is most typically a carbon dioxide (CO2) sensor, occupancy sensor, or turnstile counter.
This measure is applicable to multiple building types, and savings are classified by the specific building types
defined in the lllinois TRM. This measure is modeled to assume night time set backs are in operation and minimum
outside air is being used when the building is unoccupied. Systems that have static louvers or that are open at
night will likely have greater savings by using the custom program.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment condition is defined by new CO2 sensors installed on return air systems where no other
sensors were previously installed. For heating savings, this measure does not apply to any system with terminal
reheat (constant volume or variable air volume). For terminal reheat system a custom savings calculation should
be used.

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure is a space with no demand control capability. The current code minimum for
outside air (OA) is 17 CFM per occupant (ASHRAE 62.1) which is the value assumed in this measure.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed measure life is 10 years and based on CO2 sensor estimated life. 377

DEEMED MEASURE COST

The deemed measure cost is assumed to be the full cost of installation of a DCV retrofit including sensor cost
($500) and installation ($1000 labor) for a total of $1500378,

LOADSHAPE

Commercial ventilation C23

COINCIDENCE FACTOR

N/A

Algorithm

377 During the course of conversations with vendors and Building Automation System (BAS) contractors, it was determined that
sensors have to be functional for up to 10 years. It is recommended that they are part of a normal preventive maintenance
program in which calibration is an important part of extending useful life. Although they are not subject to mechanical failure,
they do fall out of tolerance over time.

378 Discussion with vendors
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
For facilities heated by natural gas,
AkWh = Condition Space/1000 * SFcooling
For facilities heated by heat pumps,
AkWh = Condition Space/1000 * SFcooling+ Condition Space/1000 * SFheat vp
For facilities heated by electric resistance,

AkWh = Condition Space/1000 * SFcooiingt Condition Space/1000 * SFeat er

Where:
Conditioned Space = actual square footage of conditioned space controlled by sensor
SFcooling = Cooling Savings Factor
=value in table below based on building type and weather zone
SFHeat Hp = Heating Savings factor for facilities heated by Heat Pump (HP)

=value in table below based on building type and weather zone
SFHeat er = Heating Savings factor for facilities heated by Electric Resistance (ER)
=value in table below based on building type and weather zone

Saving Factor Tables®”

SFcooling (kWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Office - Low-rise 454 456 460 456 462
Office - Mid-rise 430 431 432 428 433
Office - High-rise 448 450 452 449 454
Religious Building 493 509 573 584 605
Restaurant 505 515 553 569 581
Retail - Department Store 620 625 630 638 642
Retail - Strip Mall 380 376 356 406 407
Convenience Store 602 603 610 612 614
Elementary School 317 327 352 352 363
High School 305 316 340 340 352
College/University 392 410 434 449 462
Healthcare Clinic 353 358 379 383 389

379 The electric energy savings was calculated using TMY3 weather data and methodology consistent with ASHRAE standards.
Savings are calculated on an annual basis for each given temperature zone in lllinois. Energy savings for DCV were developed
utilizing standards, inputs and approaches as set forth by ASHRAE 62.1and 90.1, respectively. Building input parameters like
square footage, equipment efficiencies and occupancy match those used in the EFLH calculations. Reference calculation found
in Demand Control Ventilation 12-30-13.xIs.
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SFcooIing (kWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
lodging 576 578 586 588 591
Manufacturing 481 482 482 477 482
Special Assembly Auditorium 410 427 479 494 514
Default 451 458 475 482 490

SF Heatwe (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Office - Low-rise 234 203 180 172 148
Office - Mid-rise 156 133 117 117 102
Office - High-rise 209 183 164 153 133
Religious Building 1,495 1,322 1,172 1,116 1,000
Restaurant 1,058 954 828 810 711
Retail - Department Store 365 326 289 283 250
Retail - Strip Mall 244 214 195 185 164
Convenience Store 179 161 141 137 117
Elementary School 652 567 500 470 414
High School 636 553 492 457 406
College/University 1,257 1,105 969 937 789
Healthcare Clinic 443 393 344 331 297
lodging 204 182 156 153 156
Manufacturing 166 145 125 120 109
Special Assembly Auditorium 1,759 1,551 1,399 1,366 1,202
Default 604 533 472 454 400

SF weat vp (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Office - Low-rise 703 610 539 516 445
Office - Mid-rise 467 399 352 352 305
Office - High-rise 627 549 492 458 399
Religious Building 4,486 3,966 3,517 3,348 3,001
Restaurant 3,175 2,862 2,485 2,429 2,134
Retail - Department Store 1,094 979 868 848 750
Retail - Strip Mall 732 641 586 554 492
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SF Heatwe (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Convenience Store 537 484 422 410 352
Elementary School 1,956 1,701 1,501 1,409 1,243
High School 1,908 1,659 1,477 1,372 1,219
College/University 3,770 3,314 2,907 2,810 2,368
Healthcare Clinic 1,330 1,179 1,032 992 891
lodging 611 546 469 458 469
Manufacturing 499 436 375 359 328
Special Assembly Auditorium 5,276 4,652 4,197 4,099 3,606
Default 1,811 1,598 1,415 1,361 1,200

For example: 7,500 SgFt of low-rise office space in Chicago with gas heat.
AkWh =7,500 /1000 *456
=3,420 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

NA

NATURAL GAS SAVINGS
Atherms = Condition Space/1000 * SF Heat Gas
Where:

SF Heat Gas = value in table below based on building type and weather zone38°

SFHeat Gas (Therm/1000 sq ft)

Building Type

Zone 1l

(Rockford)

Zone 2

(Chicago)

Zone 3

(Springfield)

Zone 4

(Belleville)

Zone 5

(Marion)

Office - Low-rise 30 26 23 22 19
Office - Mid-rise 20 17 15 15 13
Office- High-rise 27 23 21 20 17
Religious Building 191 169 150 143 128
Restaurant 135 122 106 104 91

380 The natural gas energy savings was calculated using TMY3 weather data and methodology consistent with ASHRAE
standards. Savings are calculated on an annual basis for each given temperature zone in lllinois. Energy savings for DCV were
developed utilizing standards, inputs and approaches as set forth by ASHRAE 62.1 and 90.1, respectively. Building input
parameters like square footage, equipment efficiencies and occupancy match those used in the EFLH calculations. Reference
calculation found in Demand Control Ventilation 12-30-13.xIs.
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SFHeat Gas (Therm/1000 sq ft)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) (Chicago) (Springfield) (Belleville)  (Marion)

Retail - Department Store 47 42 37 36 32
Retail - Strip Mall 31 27 25 24 21
Convenience Store 23 21 18 17 15
Elementary School 83 73 64 60 53
High School 81 71 63 59 52
College/ University 161 141 124 120 101
Healthcare Clinic 57 50 44 42 38
Lodging 26 23 20 20 20
Manufacturing 21 19 16 15 14
Special Assembly Auditorium 225 198 179 175 154
De-fault 77 68 60 58 51

For example: 7500 SqFt of low-rise office space in Chicago.
ATherms =7,500 * 26
=195 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE coDE: CI-HVC-DCV-V03-160601
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4.4.20 High Turndown Burner for Space Heating Boilers

DESCRIPTION

This measure is for a non-residential boilers equipped with linkageless controls providing space heating with
burners having a turndown less than 6:1.381 Turndown is the ratio of the high firing rate to the low firing rate.
When boilers are subjected to loads below the low firing rate, the boiler must cycle on/off to meet the load
requirements. A higher turndown ratio reduces burner startups, provides better load control, saves wear-and-tear
on the burner, and reduces purge-air requirements, all of these benefits result in better overall efficiency.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler linkageless burner must operate with a turndown greater than or equal to 10:1 and be
subjected to loads less than or equal to 30%382 of the full fire input MBH for greater than 60%38 of the operating
hours.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes a linkageless burner with a turndown ration of 6:1 or less and is used primarily for space
heating. Redundant boilers do not qualify.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 21 years.3*

DEEMED MEASURE COST

The deemed installed measure cost including labor is approximately $2.53/MBtu/hr.385
DEemMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

381 The standard turndown ratio for boilers is 6:1. Understanding Fuel Savings in the Boiler Room, ASHRAE Journal, David Eoff,
December, 2008 p 38

382 Focus on Energy Evaluation, Business Programs: Deemed Savings Manual V1.0, March 22, 2010. This factor implies that
boilers are 30% oversized on average.

383 FES Analysis of bin hours based upon a 30% oversizing factor.

384 “Burner,” Obtained from a nation-wide survey conducted by ASHRAE TC 1.8 (Akalin 1978). Data changed by TC 1.8 in 1986.
385 FES review of PY2/PY3 costs for custom People’s and North Shore high turndown burner projects. See High Turndown
Costs.xlsx for details.
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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS SAVINGS
Atherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr) = custom
SF = Savings Factor = Percentage of energy loss per hour
= (> ((EL_base — EL_eff) * H_cycling)) / H)*100

Where:

EL_base = Base Boiler Percentage of energy loss due to cycling at % of Base Boiler Load where
BL_base < TDR_base

=0.003 * (Cycles_base)? —0.001 * Cycles_base 386
Where:
Cycles_base = Number of Cycles/hour of base boiler
=TDR_base / BL
Where:

BL = % of full boiler load at bin hours being evaluated. This is assumed to be a
straight line based on 0% load at the building balance point (assumed to be
55F), and full load corrected for the oversizing (OSF) at the lowest temperature
bin of -10 to -5F.

OSF = Oversizing Factor = 1.3387 or custom
TDR_base = Turndown ratio = 0.33388 or custom

EL_eff = Efficient Boiler Percentage of energy loss due to cycling at % of Efficient Boiler
Load

=0.003 * (Cycles_eff)2—0.001 * Cycles_eff
Where:

Cycles_eff = Number of Cycles/hour

386 Release 3.0 Operations & Maintenance Best Practices A Guide to Achieving Operational Efficiency, August 2010, Federal
Energy Management Program, US Department of Energy. The equation was determined by plotting the values in Table 9.2.1 —
Boiler Cycling Energy Loss.

387 PA Consulting, KEMA, Focus on Energy Evaluation, Business Programs: Deemed Savings Manual V1.0, March 22, 2010, Page
4-12.

388 | bid.
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= TDR_eff / BL
Where:
TDR_eff = Turndown ratio = 0.1038° or custom
H_cycling = Hours base boiler is cycling at % of base boiler load
= see table below or custom
H = Total Number of Hours in Heating Season
=4,946 or custom

100 = convert to a percentage

SF=69.1 /4946 *100 = 1.4% or custom (see table below for summary of values)

Temperature | H_cycling BL EL_base | EL eff (EL_base-EL_eff)* Hours
50 to 55 601 6.0% 8.5% 0.7% 47.2
45 to 50 603 12.0% 2.0% 0.0% 12.0
40to 45 455 18.0% 0.8% 0.0% 3.8
35t0 40 925 24.0% 0.4% 0.0% 4.0
30to 35 814 30.0% 0.3% 0.0% 2.1
Total 69.1

EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVAC-HTBC-V04-140601

389 10:1 ratio used to qualify for efficient equipment.
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4.4.21 Linkageless Boiler Controls for Space Heating

DESCRIPTION

This measure is for a non-residential boiler providing space heating and currently having single point positioning
combustion control. In single-point positioning control, the fuel valve is linked to the combustion air damper via a
jackshaft mechanism to maintain correspondence between fuel and combustion air input. Most boilers with single
point positioning control do not maintain low excess air levels over their entire firing range. Generally these boilers
are calibrated at high fire, but due to the non-linearity required for efficient combustion, excess air levels tend to
dramatically increase as the firing rate decreases. Boiler efficiency drops as the excess air levels are increased.

This measure was developed to be applicable to the following program types: TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler burner must have a linkageless control system allowing the combustion air damper position to
be adjusted and set for optimal efficiency at several firing rates throughout the burner’s firing range. This requires
the fuel valve and combustion air damper to each be powered by a separate actuator. An alternative to the
combustion air damper is a Variable Speed Drive on the combustion air fan.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes single point positioning for the burner combustion control.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years.3%°

DEEMED MEASURE COST

The deemed measure cost is estimated at $2.50/MBtu/hr burner input.39!
DEEMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

390 Total number of hours for heating with a base temperature of 55°F for Chicago, IL as noted by National Climate Data Center
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

When a Variable Speed Drive is incorporated, electrical savings are calculated according to the “4.4.17 Variable
Speed Drive for HVAC Pumps and Cooling Tower Fans” measure.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr) = custom
SF = Savings factor

Note: Savings factor is the percentage increase in efficiency as a result of the addition of linkageless
burner controls. At an average boiler load of 35%, single point controls are assumed to have excess air of
91%, while linkageless controls are assumed to have 34% excess air.3%2 The difference between controls
types is 57% at this average operating condition. A 15% reduction in excess air is approximately a 1%
increase in efficiency.39 Therefore the nominal combustion efficiency increase is 57 / 15 * 1% = 3.8%.

=3.8%
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use
100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-LBC-V05-160601

392 Available and Emerging Technologies for Reducing Greenhouse Gas Emissions from Industrial, Commercial, and Institutional
Boilers, Prepared by the Sector Policies and Programs Division Office of Air Quality Planning and Standards U.S. Environmental
Protection Agency Research Triangle Park, North Carolina 27711, October 2010, Table 1. ICI Boilers — Summary of Greenhouse
Gas Emission Reduction Measures, pg. 8

393 Department of Energy (DOE). January 2012, Steam Tip Sheet #4, Improve Your Boiler’'s Combustion Efficiency. Advanced
Manufacturing Office. Washington, DC: U.S. Department of Energy. This value was determined as an appropriate average over
the stack temperatures and excess air levels indicated.
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4.4.22 Oxygen Trim Controls for Space Heating Boilers

DESCRIPTION

This measure is for a non-residential boiler providing space heating without oxygen trim combustion controls.
Oxygen trim controls limit the amount of excess oxygen provided to the burner for combustion. This oxygen level
is dependent upon the amount of air provided. Oxygen trim control converts parallel positioning, linkageless
controls, into a closed-loop control configuration with the addition of an exhaust gas analyzer and PID controller.
Boilers with oxygen trim controls can maintain a predetermined excess air rate (generally 15% to 30% excess air)
over the entire burner firing rate. Boilers without these controls typically have excess air rates around 30% over
the entire firing rate. Boiler efficiency drops as the excess air levels are increased.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler burner must have an oxygen control system allowing the combustion air to be adjusted to
maintain a predetermined excess oxygen level in the flue exhaust at all firing rates throughout the burner’s firing
range. This requires an oxygen sensor in the flue exhaust and linkageless fuel valve and combustion air controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes single point positioning for the burner combustion control.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the 02 Trim controls is 18 years.3%4

DEEMED MEASURE COST

The deemed measure cost is approximately $23,250.3%

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

394 State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business Programs: Measure Life
Study Final Report: August 25, 2009, Table 1-2. Recommended Measure Life by WISeerts Group Description, pg. 1-4.

395 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr)
= Custom
SF = Savings factor

Note: Savings factor is the percentage reduction in gas consumption as a result of the addition of 02 trim
controls. Linkageless controls have an excess air rate of 28% over the entire firing range.3% 02 trim
controls have an excess air rate of 15%.3%7 The average difference is 13%. A 15% reduction in excess air is
approximately a 1% increase in efficiency.3% Therefore the nominal combustion efficiency increase is 13 /
15 * 1% = 0.87%.

=0.87%

EFLH = Default Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use. When
available, actual hours should be used.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
The deemed annual Operations and Maintenance cost is $800.399

MEASURE CoDE: CI-HVC-02TC-V01-140601

3% Department of Energy (DOE). 2009. Energy Matters newsletter. Fall 2009- Vol. 1, Iss. 1. Washington, DC: U.S. Department of

Energy, Office of Energy Efficiency and Renewable Energy, Industrial Technologies Program.
397 |bid

399 Department of Energy (DOE). January 2012, Steam Tip Sheet #4, Improving Your Boiler’s Combustion Efficiency. Advanced
Manufacturing Office. Washington, DC: U.S. Department of Energy. This value was determined as an appropriate average over
the stack temperatures and excess air levels indicated.
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4.4.23 Shut Off Damper for Space Heating Boilers or Furnaces

DESCRIPTION

This measure is for non-residential atmospheric boilers or furnaces providing space heating without a shut off
damper. When appliances are on standby mode warm room air is drawn through the stack via the draft hood or
dilution air inlet at a rate proportional to the stack height, diameter and outdoor temperature. More air is drawn
through the vent immediately after the appliance shuts off and the flue is still hot. Installation of a new shut off
damper can prevent heat from being drawn up the warm vent and reducing the amount of air that passes through
the furnace or boiler heat exchanger. This reduction in air can slightly increase overall operating efficiency by
reducing the time needed to achieve steady-state operating conditions.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the space heating boiler or furnace must have a new electrically or thermally activated shut off damper
installed on either the exhaust flue or combustion air intake. Barometric dampers do not qualify. The damper
actuation shall be interlocked with the firing controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler or furnace incorporates no shut off damper on the combustion air intake or flue exhaust.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the shut off damper is 15 years.4%

DEEMED MEASURE COST

The deemed measure cost for this approximately $1,500.401

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

400 State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business Programs: Measure Life
Study Final Report: August 25, 2009, Table 1-2. Recommended Measure Life by WISeerts Group Description, pg. 1-4.

401 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr)
= Custom
SF = Savings factor
= 19402

Note: The savings factor assumes the boiler or furnace is located in an unconditioned space. The savings
factor can be higher for those units located within conditioned space.

EFLH = Default Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use. When
available, actual hours should be used.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
The deemed annual Operations and Maintenance cost is $112.403

MEASURE CoDE: CI-HVC-SODP-V01-140601

402 Based on internet review of savings potential;

“Up to 4%”: Use of Automatic Vent Dampers for New and Existing Boilers and Furnaces, Energy Innovators Initiative Technical
Fact Sheet, Office of Energy Efficiency, Canada, 2002

“Up to 1%”: Page 9, The Carbon Trust, “Steam and high temperature hot water boilers”
http://www.carbontrust.com/media/13332/ctv052 steam and high temperature hot water boilers.pdf,

“1-2%": Page 2, Sustainable Energy Authority of Ireland “Steam Systems Technical Guide”,

http://www.seai.ie/Your Business/Technology/Buildings/Steam Systems Technical Guide.pdf.

403 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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4.4.24 Small Pipe Insulation
DESCRIPTION

This measure provides rebates for adding insulation to bare pipes with inner diameters of 4" and %”. Insulation
must be at least one inch thick. Since new construction projects are required by code to have pipe insulation, this
measure is only for retrofits of existing facilities. This covers bare straight pipe as well as all fittings.

Default savings are provided on a per linear foot basis. It is assumed that the majority of pipes less than one inch in
commercial facilities are used for domestic hot water. However, this measure can cover hydronic heating systems

as well as low and high pressure steam systems.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is a %2“or %“ diameter pipe with at least one inch of insulation. Insulation must be protected from
damage which includes moisture, sunlight, equipment maintenance and wind. Outdoor pipes should have a
weather protective jacket. Insulation must be continuous over straight pipe, elbows and tees.

DEFINITION OF BASELINE EQUIPMENT

The base case for savings estimates is a bare hot water or steam pipe with a fluid temperature of 105 degrees
Fahrenheit or greater. Current new construction code requires insulation amounts similar to this measure though
this base case is commonly found in older existing buildings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 15 years.4%4
DEEMED MEASURE COST

The incremental measure cost for insulation is the full cost of adding insulation to the pipe. Actual installation costs
should be used for the measure cost. For planning purposes, the following costs can be used to estimate the full
cost of materials and labor.405

Insulation Thickness %" pipe %" pipe

1” $4.45 $4.15

LOADSHAPE

N/A

404 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf
405 A market survey was performed to determine these costs.
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COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS SAVINGS
ATherms per foot406 = [((Quase — Qefr) * EFLH) / (100,000 * nBoiler)] * TRF

= [Modeled or provided by tables below] * TRF

ATherms = (Lsp + Loc,i) * Atherms per foot

Where:

EFLH = Equivalent Full Load Hours for Heating
= Actual or defaults by building type provided in Section 4.4, HVAC end use

For year round recirculation or domestic hot water:
= 8,766

For heating season recirculation, hours with the outside air temperature below 55°F:

Zone 1 (Rockford) 5,039

Zone 2 (Chicago) 4,963

Zone 3 (Springfield) 4,495

Zone 4 (Belleville/ 4,021

Zone 5 (Marion) 4,150

Quase = Heat Loss from Bare Pipe (Btu/hr/ft)

= Calculated where possible using 3E Plusv4.0 software. For defaults see table below

406This value comes from the reference table “Savings Summary by Building Type and System Type.” The formula and the input
tables in this section document assumptions used in calculation spreadsheet “Pipe Insulation Savings 2013-11-12.xIsx”
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Qe = Heat Loss from Insulated Pipe (Btu/hr/ft)
= Calculated where possible using 3E Plusv4.0 software. For defaults see table below
100,000 = conversion factor (1 therm = 100,000 Btu)
nBoiler = Efficiency of the boiler being used to generate the hot water or steam in the pipe
= 81.9% for water boilers 407
= 80.7% for steam boilers, except multifamily low-pressure 408
= 64.8% for multifamily low-pressure steam boilers 409

TRF = Thermal Regain Factor for space type, applied only to space heating energy and is
applied to values resulting from Atherms/ft tables below 410

= See table below for base TRF values by pipe location

May vary seasonally such as: TRF[summer] * summer hours + TRF[winter] * winter
hours where TRF values reflecting summer and winter conditions are apportioned by
the hours for those conditions. TRF may also be adjusted by building specific balance
temperature and operating hours above and below that balance temperature.411

Assumed TRF, Thermal

Pipe Location Regain Regain Factor
Outdoor 0% 1.0
Indoor, heated space 85% 0.15

Indoor, semi- heated, (unconditioned space, with heat
transfer to conditioned space. E.g.: boiler room, ceiling 30% 0.70
plenum, basement, crawlspace, wall)

Indoor, unheated, (no heat transfer to conditioned space) 0% 1.0
Location not specified 85% 0.15
Custom Custom 1 —assumed regain
Lsp = Length of straight pipe to be insulated (linear foot)
Loc,i = Total equivalent length of (elbows and tees) of pipe to be insulated. Use table below to

determine equivalent lengths.

407 Average efficiencies of units from the California Energy Commission (CEC).

408 | pid.

409 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.
ASHRAE V99, pt. 2, 1993.

410 Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for
the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012 and
Andrews, John, Better Duct Systems for Home Heating and Cooling, U.S. Department of Energy, 2001. Recognizing the
differences between residential and commercial heating systems, the factors have been adjusted based on professional
judgment. This factor would benefit from additional study and evaluation.

411 Thermal Regain Factor_4-30-14.docx
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Equivalent Length (ft)

Nominal Pipe

Diameter 90 Degree Elbow Straight Tee
1/2" 0.04 0.03
374 0.06 0.05

The table below shows the deemed therm savings by building type and region on a per linear foot basis
for both %” and %” copper pipe.

The following table provides deemed values for 1/2" copper pipe, temperatures are assumed by category below,
and insulation is assumed to be one inch fiberglass.

Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)

Assembly 0.117 0.120 0.107 0.071 0.109

Assisted Living 0.110 0.107 0.094 0.069 0.083

College 0.100 0.093 0.083 0.046 0.055
Convenience Store 0.097 0.089 0.079 0.057 0.064
Elementary School 0.116 0.113 0.100 0.069 0.084

Garage 0.064 0.063 0.056 0.044 0.049

Grocery 0.105 0.105 0.092 0.057 0.068

g Healthcare Clinic 0.103 0.106 0.092 0.063 0.066
‘_g High School 0.120 0.121 0.109 0.077 0.091
.g Hospital - CAV no econ 0.115 0.119 0.101 0.087 0.099
é Hospital - CAV econ 0.117 0.121 0.103 0.089 0.101
:go Hospital - VAV econ 0.048 0.045 0.034 0.020 0.022
§ Hospital - FCU 0.087 0.099 0.080 0.094 0.127
g Hotel/Motel 0.115 0.112 0.101 0.069 0.084
” Hotel/Motel - Common 0.104 0.106 0.101 0.082 0.086
Hotel/Motel - Guest 0.115 0.111 0.099 0.066 0.082
Manufacturing Facility 0.068 0.066 0.061 0.037 0.041

MF - High Rise 0.100 0.098 0.090 0.076 0.076

MF - High Rise - Common 0.118 0.115 0.103 0.071 0.092

MF - High Rise - Residential 0.096 0.096 0.087 0.075 0.073

MF - Mid Rise 0.109 0.110 0.095 0.070 0.079
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Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)
Movie Theater 0.119 0.117 0.109 0.083 0.099
Office - High Rise - CAV no econ 0.132 0.134 0.122 0.082 0.089
Office - High Rise - CAV econ 0.136 0.139 0.128 0.088 0.097
Office - High Rise - VAV econ 0.100 0.102 0.084 0.050 0.055
Office - High Rise - FCU 0.073 0.072 0.062 0.033 0.035
Office - Low Rise 0.093 0.093 0.074 0.045 0.052
Office - Mid Rise 0.103 0.104 0.088 0.056 0.062
Religious Building 0.105 0.098 0.094 0.069 0.079
Restaurant 0.088 0.088 0.079 0.060 0.071
Retail - Department Store 0.091 0.083 0.078 0.051 0.058
Retail - Strip Mall 0.087 0.081 0.071 0.049 0.053
Warehouse 0.095 0.089 0.091 0.057 0.070
Unknown 0.101 0.100 0.089 0.064 0.074
sV
£
L3>
SE5 |AN buildings (Hours below
¢ § c o 0.329 0.324 0.293 0.262 0.271
T S o |55
35 g
224
g
"®
@2
250
L5 S | All buildings (All hours) 0.572 0.572 0.572 0.572 0.572
33 ®
° =
QO
v g
DHW Recirculation loop 0.572 0.572 0.572 0.572 0.572
Process Custom Custom
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The following table provides deemed savings values for 3/4" copper pipe with temperatures assumed by category
below, insulation is assumed to be one inch fiberglass.

Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)

Assembly 0.142 0.145 0.129 0.086 0.132
Assisted Living 0.133 0.130 0.115 0.084 0.101
College 0.121 0.113 0.101 0.056 0.067
Convenience Store 0.117 0.108 0.096 0.069 0.077
Elementary School 0.141 0.137 0.121 0.084 0.102
Garage 0.078 0.077 0.067 0.054 0.060
Grocery 0.127 0.127 0.111 0.069 0.083
Healthcare Clinic 0.125 0.128 0.112 0.076 0.081
High School 0.146 0.147 0.132 0.094 0.110
Hospital - CAV no econ 0.140 0.144 0.123 0.105 0.120
Hospital - CAV econ 0.142 0.147 0.125 0.108 0.123
w0 Hospital - VAV econ 0.058 0.055 0.041 0.025 0.027
é Hospital - FCU 0.105 0.120 0.098 0.115 0.154
g Hotel/Motel 0.140 0.136 0.122 0.084 0.102
E Hotel/Motel - Common 0.127 0.129 0.123 0.100 0.105
foo Hotel/Motel - Guest 0.139 0.135 0.120 0.081 0.099
% Manufacturing Facility 0.083 0.080 0.074 0.045 0.050
E MF - High Rise 0.121 0.119 0.109 0.093 0.093
§ MF - High Rise - Common 0.144 0.140 0.125 0.086 0.111
MF - High Rise - Residential 0.117 0.116 0.105 0.091 0.089
MF - Mid Rise 0.132 0.134 0.115 0.085 0.096
Movie Theater 0.144 0.142 0.133 0.101 0.120
Office - High Rise - CAV no econ 0.160 0.162 0.148 0.099 0.108
Office - High Rise - CAV econ 0.165 0.169 0.155 0.107 0.118
Office - High Rise - VAV econ 0.121 0.123 0.102 0.060 0.067
Office - High Rise - FCU 0.089 0.087 0.075 0.040 0.042
Office - Low Rise 0.113 0.113 0.090 0.055 0.063
Office - Mid Rise 0.126 0.126 0.106 0.068 0.075
Religious Building 0.127 0.119 0.114 0.084 0.095
Restaurant 0.107 0.107 0.096 0.073 0.086
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Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3

(Rockford) | (Chicago) (Springfield)

Zone 4 Zone 5
(Belleville) (Marion)

Retail - Department Store 0.110 0.101 0.095 0.062 0.071
Retail - Strip Mall 0.106 0.098 0.086 0.059 0.064
Warehouse 0.115 0.108 0.111 0.069 0.085
Unknown 0.123 0.122 0.108 0.078 0.090
oo
, £
3=
®E6 |Al buildings (Hours below
¢ § c . 0.399 0.393 0.356 0.319 0.329
T S o |55
v © 2
AR
Q 2 v
wn G
g
" ®
® ¢
% &T
L5 S | All buildings (All hours) 0.694 0.694 0.694 0.694 0.694
v s 2
QO O
° =
QO
AN
DHW Recirculation loop 0.694 0.694 0.694 0.694 0.694
Process Custom Custom
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A
MEASURE Code: CI-HVC-SPIN-V02-160601
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4.4.25 Small Commercial Programmable Thermostat Adjustments

DESCRIPTION

This measure involves reprogramming existing commercial programmable thermostats or building automation
systems for reduced energy consumption through adjustments of unoccupied heating/cooling setpoints and/or fan
control. This measure is limited to packaged HVAC units that are controlled by a commercial thermostat or building
automation system. The measure is limited to select building types presented below.

Eligible Small Commercial Building Types
Building Type

Assembly

Convenience Store

Office - Low Rise

Restaurant - Fast Food

Religious Facility

Restaurant - Full Service

Retail - Strip Mall

Retail - Department Store

This measure was developed to be applicable to the following program types: RF, DI.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is established by optimizing heating/cooling temperature setbacks and fan operation
with a commercial programmable thermostat or building automation system, which reprogrammed to match
actual facility occupancy.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is a commercial programmable thermostat or building automation system that is
currently operating packaged HVAC units with heating/cooling temperature setbacks and fan operation that do not
align with a facilities actual occupancy.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a programmable thermostat is assumed to be 8 years*12 based upon equipment life
only#13, For the purposes of claiming savings for a adjustment of an existing programmable thermostat, this is
reduced to a 25% persistence factor to give a final measure life of 2 years. It is recommended that this assumption
be evaluated by future energy measurement and verification activities.

412Table 1, HVAC Controls, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS
Associates, 2007
413 Future evaluation is strongly encouraged to inform the persistence of savings to further refine measure life assumption.
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DEEMED MEASURE COST

Actual labor costs should be used if the implementation method allows. If unknown the labor cost for this measure
is assumed to be $70.34414 per thermostat, as summarized in the table below.

Total Cost City Cost
Measure Units Materials | Labor (including Index (Install Total Source

O&P) Only)*

Adjust Temperature o RS Means 2010 (pg 255,
Set Points 4 $0.00 $5.95 $6.55 134.5% $35.24 Section 23-09-8100)
. RS Means 2010 (pg 255,
0,
Adjust Fan Schedule 2 $0.00 $11.86 $13.05 134.5% $35.10 Section 23-09-8120)

Totals $70.34

* Chicago, IL - Division 23

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

414 RSMeans, “Instrumentation and Control for HVAC”, Mechanical Cost Data , Kingston, MA: Reed Construction Data, 2010, pg.
255 & 632
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS*1®

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

The following equations are used to calculate baseline and proposed electric energy use. The  savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Electric Energy Use Equations (kWh / ton)
Fan Mode During
Occupied Period

Building Type Equation

(Fo)

Continuous CZ+Fu*(0.83*Tc+0.83*Th+1.67*Ws-293.018)-0.0922*Tc*Th+1.291*Ws
Assembly Intermittent CZ+Fu*(1.911-0.12*Tc)+Tc*(0.00311*Ws-0.229)+0.11*Ws
Convenience Continuous CZ+Fu*(-28.629*Tc-11.69*Th+19.118* Ws-2935.12)+0.909* Ws
Store Intermittent CZ+Tc*(0.0863*Ws-12.688)+Th*(0.043* Ws-6.38)+1.669* Ws
Office — Low Continuous CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
Rise Intermittent CZ+Tc*(0.0806* Ws-8.984)+Th*(0.0864* Ws-9.558)+1.178* Ws
. Continuous CZ+Fu*(-1.579*Tc-18.14*Th+15.01*Ws-2417.74)+Tc*(0.177*Ws-26.412)
Reflgious Intermittent CZ+Fu*(0.266*Tc-2.067)+Tc*(0.0295* Ws-4.502)+Th*(0.0517*Ws-8.251)+0.735* Ws
Continuous CZ+Fu*(0.678*Tc+0.257*Th+2.88* Ws-494.006)+Tc*(0.0231* Ws-
Restaurant — 4.074)+Th*(0.00936*Ws-1.655)+0.918* Ws
Fast Food Intermittent CZ+Fu*(0.377*Tc+0.124*Th+0.13* Ws-24.893)+Tc*(-0.0143*Th+0.0166* Ws-
2.691)+0.898*Ws
Restaurant — Continuous CZ+Fu*(-8.41*Th+11.766*Ws-1910.81)+Tc*(0.282* Ws-43.851)
Sit Down Intermittent CZ+0.123*Fu*Tc+Tc*(0.0561*Ws-8.237)+Th*(0.0219* Ws-3.284)+1.038* Ws
Continuous CZ+Fu*(-1.475*Th+0.755*Ws-114.373)+Th*(0.151*Ws-24.016)+1.612*Ws
Retail — Large
Intermittent CZ+Tc*(0.0173*Ws-1.912)+Th*(0.0249*Ws-3.29)+0.511*Ws
Retail — Strip Continuous CZ+Fu*(1.077*Tc-10.697*Th+6.91*Ws-1117.18)+Tc*(0.0583*Ws-7.54)+1.231*Ws
Mall Intermittent CZ+0.0894* Fu*Tc+Th*(-0.0142* Tc+0.04* Ws-5.278)+0.884* Ws
Where:

415 Savings equations and factors determined by regression of results of a series of eQuest simulations. See Programmable T-
Stat Work Paper_PECI_FinalDraft_140730_Redline.docx for details.
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Ccz

Tc

Th

Fo

Fu

Ws

= Climate Zone Coefficient

= Depends on Building Type and Fan Mode During Occupied Period (see table below)

= Degrees of Cooling Setback °F

= Must be between 0-15°F

= Degrees of Heating Setback °F

=Must be between 0-15°F

= Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous fan

operation during occupied periods to meet ventilation requirements.)

= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Fan Mode during Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Weekly Hours thermostat is in Occupied mode,

= Minimum values depend on Building Type (see table below), maximum value of 168 (24/7)
ex: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59

Fan Mode

Electric Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied

Climate Zone Coefficient (C2)

Mini
Building Type | During Occupied SR
Period (Fo)
Continuous | 911.366 | 928.924 | 1152.83 | 1208.999 | 1210.173 | |
Assembly 98
Intermittent 735.752 762.831 966.562 998.927 | 1028.906
Convenience Continuous 4817.094 | 4832.784 | 5139.133 | 5182.161 | 5208.608 108
Store Intermittent 1478.133 | 1514.568 | 1784.384 | 1843.463 | 1930.47
Office - Low Continuous 5047.662 | 5039.592 | 5187.924 | 5217.672 | 5177.449 s
Rise Intermittent 825.072 808.965 946.571 979.421 945.418
Religious Continuous 4197.117 | 4172.858 | 4380.025 | 4370.008 | 4356.054 133
Facility Intermittent 632.404 603.395 678.294 664.717 616.853
Restaurant — Continuous 1342.988 | 1378.661 | 1664.018 | 1714.201 | 1727.841 108
Fast Food Intermittent 993.764 | 1039.643 1307.8 | 1340.544 | 1389.791
Restaurant — Continuous 4070.35 | 4094.742 | 4428.966 | 4501.829 | 4522.522 .
Full Service Intermittent 1472.014 | 1516.05 | 1856.108 | 1938.441 | 2056.45
Retail - Continuous 1510.201 1496.47 1706.105 | 1716.128 | 1688.464
Department 93
Store Intermittent 701.27 702.129 847.735 875.12 881.677
Retail - Strip Continuous 1926.294 | 1930.137 | 2156.856 | 2174.435 | 2165.03 o3
Mall Intermittent 656.479 673.257 835.906 850.322 869.921
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EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and is heated and cooled
with a packaged Gas (150 kBtu output) / DX (10 Ton) RTU which is controlled by a programmable thermostat.
When the technician reviews the thermostat schedule they find the unoccupied schedule is programmed
incorrectly. During the unoccupied periods the fan is programmed correctly, and runs in intermittent “auto”
mode, although the heating and cooling temperature setpoints are not setback.

The technician adjusts the unoccupied schedule to include a 10°F cooling and heating temperature setback
during the unoccupied periods.

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

Baseline Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(7.082* Tc-41.199*Th+18.734* Ws-
3288.55)+Tc*(0.205* Ws-34.929)

=5047.662+1*(7.082*0-41.199*0+18.734*55-
3288.55)+0*(0.205*55-34.929)

=2,789.482 kWh/Ton
Proposed Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-
3288.55)+Tc*(0.205*Ws-34.929)

= 5047.662+1*(7.082*10-41.199*10+18.734*55-
3288.55)+10%(0.205*55-34.929)

=2,211.722 kWh/Ton
AkWh  =[2,789.482 (kWh/Ton) — 2,211.722 (kWh/Ton)] * 10 Tons
=577.71 kWh/Ton * 10 Tons

=5777.1 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

The following equations are used to calculate baseline and proposed natural gas energy use. The savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
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account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Natural Gas Energy Use Equations (therms / kbtu)
Fan Mode During

Building T E .
uilding Type Occupied Period (Fo) quation
Continuous CZ+Fu*(0.232*Th+0.0984*Ws-18.79)+Th*(0.00271*Ws-0.535)+0.0142*Ws
Assembly termittent CZ+Fu*(0.00405*Th+0.000519* Ws-0.11)+Th*(0.0000689* Ws-
0.0118)+0.0022*Ws
. CZ+Fu*(0.00545*Th-0.00251*Ws+0.416)+Th*(0.000123* Ws-
Continuous W
Convenience Store 0.0204)+0.00183*Ws
Intermittent CZ+Fu*(0.00231*Th-0.0349)+Th*(0.000309* Ws-0.0494)+0.00266* Ws
Continuous CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
Office — Low Rise
Intermittent CZ+Fu*(0.00745*Th-0.142)+Th*(0.00077* Ws-0.111)+0.00199* Ws
Continuous CZ+0.00791*Fu*Th+Th*(0.00096* Ws-0.167)+0.00184* Ws
Religious
Intermittent CZ+Fu*(0.00143*Th-0.0309)+Th*(0.0008* Ws-0.134)+0.00219* Ws
. CZ+Fu*(0.0431*Th+0.0424*Ws-7.517)+Th*(0.00113* Ws-
Continuous

0.213)+0.0119*Ws
Restaurant — Fast Food

CZ+Fu*(0.0125*Th+0.0036*WSs-0.71)+Th*(0.000329* Ws-

Intermittent 0.0615)+0.00738* Ws

Continuous CZ+Fu*(0.00445*Ws-0.535)+Th*(0.000679* Ws-0.1)+0.00218* Ws

Restaurant —Sit Down termittent CZ+Fu*(0.00144*Th+0.000262* Ws-0.0553)+Th*(0.00018* Ws-
0.0299)+0.00166* Ws

Continuous €Z+0.00203*Fu*Th+Th*(0.000591*Ws-0.0812)+0.00194*Ws
Retail — Large
Intermittent CZ+Th*(0.000406*Ws-0.0611)+0.00228*Ws
. CZ+Fu*(0.00998*Th+0.00207*WSs-0.206)+Th*(0.000665* Ws-
Continuous N
Retail - Stl’ip Mall 0.101)+0.00292 Ws
Intermittent CZ+Fu*(0.00383*Th-0.0656)+Th*(0.000575* Ws-0.0912)+0.00249* Ws
Where:
cz = Climate Zone Coefficient
= Depends on Building Type and Fan Mode During Occupied Period (see table below)
Th = Degrees of Heating Setback °F
= Must be between 0-15°F
Fo = Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)
= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Fu = Fan Mode during Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 261 of 493



Illinois Statewide Technical Reference Manual- 4.4.25 Small Commercial Programmable Thermostat Adjustments

=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Ws = Weekly Hours thermostat is in Occupied mode,

= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)
ex: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59.

Natural Gas Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied
Fan Mode During Climate Zone Coefficient (C2)

Building Type Occupied Period Minimum
Ws
(Fo)
Continuous 19.872 | 17.83 | 15.828 | 15.282 | 13.482
Assembly 98
Intermittent 0.237 | 0.0989 | 0.0267 | 0.0131 | 0.0871
Continuous 1.493 1.081 0.782 0.544 0.114
Convenience Store 108
Intermittent 1.128 0.854 0.619 0.437 | 0.0854
Continuous 1.718 1.317 0.971 0.739 0.319
Office - Low Rise 55
Intermittent 3.447 3.022 2.503 2.251 1.646
Continuous 6.294 5.55 4.678 4.202 3.122
Religious Facility 133
Intermittent 5.914 5.368 4.557 4.137 3.246
Continuous 8.383 7.211 6.034 5.767 4.71
Restaurant — Fast Food 108
Intermittent 1.227 0.636 0.302 0.102 -0.262
Continuous 5.247 4.484 3.753 3.465 2.627
Restaurant — Full Service 117
Intermittent 0.951 0.704 0.51 0.381 | 0.0746
Retail — Department Continuous 4,385 3.854 3.192 2.784 1.858 03
Store Intermittent 3.061 2.672 2.182 1.829 1.008
Continuous 3.917 3.394 2.728 2.394 1.617
Retail — Strip Mall 93
Intermittent 2.659 2.292 1.811 1.543 0.909
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EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and is heated and cooled
with a packaged Gas (150 kBtu output) / DX (10 Ton) RTU which is controlled by a programmable thermostat.
When the technician reviews the thermostat schedule they find the unoccupied schedule is programmed
incorrectly. During the unoccupied periods the fan is programmed correctly, and runs in intermittent “auto”
mode, although the heating and cooling temperature setpoints are not setback.

The technician adjusts the unoccupied schedule to include a 10°F cooling and heating temperature setback during
the unoccupied periods.

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

Baseline Energy Use (Therms/kBtuh) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-
0.0554)+0.00169* Ws

=1.718+1*(0.0205*0+0.364)+0*(0.00046*55-0.0554)+0.00169*55
=2.17495 Therms/kBtuh output
Proposed Energy Use (Therms/kBtuh) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
=1.718+1*(0.0205*10+0.364)+10*(0.00046*55-0.0554)+0.00169* 55
=2.07895 Therms/kBtuh output
ATherms = [2.17495 (Therms/kBtuh output) — 2.07895 (Therms/kBtuh output)] * 150kBtuh output
=0.096 (Therms/kBtuh output) * 150kBtuh output

=14.4 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-PRGA-V01-150601
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4.4.26 Variable Speed Drives for HVAC Supply and Return Fans

DESCRIPTION

This measure is applied to variable speed drives (VSD) which are installed on HVAC supply fans and return fans.
There is a separate measure for HVAC pumps and cooling tower fans. All other VSD applications require custom
analysis by the program administrator. The VSD will modulate the speed of the motor when it does not need to run
at full load. Since the power of the motor is proportional to the cube of the speed for these types of applications,
significant energy savings will result.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The VSD is applied to a motor which does not have a VSD. The application must have a variable load and
installation is to include the necessary controls. Savings are based on application of VSDs to a range of baseline
load conditions including no control, inlet guide vanes, outlet guide vanes and throttling valves.

DEFINITION OF BASELINE EQUIPMENT

The time of sale baseline is a new motor installed without a VSD or other methods of control. Retrofit baseline is
an existing motor operating as is. Retrofit baselines may or may not include guide vanes, throttling valves or other
methods of control. This information shall be collected from the customer.

Installations of new equipment with VSDs which are required by IECC 2012 or 2015 as adopted by the State of
Illinois are not eligible for incentives.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

416 417

The expected measure life for HVAC application is 15 years;*!* measure life for process is 10 years.
DEEMED MEASURE COST

Customer provided costs will be used when available. Default measure costs*'® are noted below for up to 20 hp
motors. Custom costs must be gathered from the customer for motor sizes not listed below.

HP \ Cost \
1-5HP $1,330
7.5 HP $1,622
10 HP $1,898
15 HP $2,518
20 HP $3,059

LOADSHAPE
Loadshape C39 - VFD - Supply fans <10 HP
Loadshape C40 - VFD - Return fans <10 HP
Loadshape C41 - VFD - Exhaust fans <10 HP

COINCIDENCE FACTOR

The demand savings factor (DSF) is already based upon coincident savings, and thus there is no additional

416 Efficiency Vermont TRM 10/26/11 for HVAC VSD motors

417 DEER 2008

418 Ohio TRM 8/6/2010 varies by motor/fan size based on equipment costs from Granger 2008 Catalog pp 286-289, average
across available voltages and models. Labor costs from RS Means Data 2008 Ohio average cost adjustment applied.
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coincidence factor for this characterization.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS*Y
kWhBase = 100%
(0.746 X HP X > X RHRSg g0 X Z (%FF X PLRgqse)
antOT
0%
kW hretrofit = 100%
(0.746 X HP X > X RHRS) 450 X Z (%FF X PLRpetrofit)
antOT
0%
Akthan = kWhBase - kWhRetrofit
AkWhtotaI = Akthan X (1 + IEenergy)
Where:
kWhgase = Baseline annual energy consumption (kWh/yr)
kW hpetrofit = Retrofit annual energy consumption (kWh/yr)
AkWh oy, = Fan-only annual energy savings
ARWheotar = Total project annual energy savings
0.746 = Conversion factor for HP to kWh
HP = Nominal horsepower of controlled motor
LF = Load Factor; Motor Load at Fan Design CFM (Default = 65%)%%°
Nmotor = Installed nominal/nameplate motor efficiency

Default motor is a NEMA Premium Efficiency, ODP, 4-pole/1800 RPM fan motor

419 Methodology developed and tested in Del Balso, Ryan Joseph. “Investigation into the Reliability of Energy Efficiency/Demand
Side Management Savings Estimates for Variable Frequency Drives in Commercial Applications”. A project report submitted to
the Faculty of the Graduate School of the University of Colorado, 2013.

420 | awrence Berkeley National Laboratory, and Resource Dynamics Corporation. (2008). “Improving Motor and Drive System
Performance; A Sourcebook for Industry”. U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy.
Golden, CO: National Renewable Energy Laboratory.
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NEMA Premium Efficiency Motors Default Efficiencies?*!

1 0.825 0.855 0.770 0.825 0.855 0.770
1.5 0.865 0.865 0.840 0.875 0.865 0.840
2 0.875 0.865 0.855 0.885 0.865 0.855
3 0.885 0.895 0.855 0.895 0.895 0.865
5 0.895 0.895 0.865 0.895 0.895 0.885
7.5 0.902 0.910 0.885 0.910 0.917 0.895
10 0.917 0.917 0.895 0.910 0.917 0.902
15 0.917 0.930 0.902 0.917 0.924 0.910
20 0.924 0.930 0.910 0.917 0.930 0.910
25 0.930 0.936 0.917 0.930 0.936 0.917
30 0.936 0.941 0.917 0.930 0.936 0.917
40 0.941 0.941 0.924 0.941 0.941 0.924
50 0.941 0.945 0.930 0.941 0.945 0.930
60 0.945 0.950 0.936 0.945 0.950 0.936
75 0.945 0.950 0.936 0.945 0.954 0.936
100 0.950 0.954 0.936 0.950 0.954 0.941
125 0.950 0.954 0.941 0.950 0.954 0.950
150 0.954 0.958 0.941 0.958 0.958 0.950
200 0.954 0.958 0.950 0.958 0.962 0.954
250 0.954 0.958 0.950 0.958 0.962 0.958
300 0.954 0.958 0.954 0.958 0.962 0.958
350 0.954 0.958 0.954 0.958 0.962 0.958
400 0.958 0.958 0.958 0.958 0.962 0.958
450 0.962 0.962 0.958 0.958 0.962 0.958
500 0.962 0.962 0.958 0.958 0.962 0.958

421 Douglass, J. (2005). Induction Motor Efficiency Standards. Washington State University and the Northwest Energy Efficiency
Alliance, Extension Energy Program, Olympia, WA. Retrieved October 17, 2013, from
http://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/motor_efficiency_standards.pdf
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RHRSg e = Annual operating hours for fan motor based on building type

Default hours are provided for HVAC applications which vary by HVAC application and

building type*?2. When available, actual hours should be used.
o Total Fan
Building Type Run Hours
Assembly 7235
Assisted Living 8760
College 6103
Convenience Store 7004
Elementary School 7522
Garage 7357
Grocery 7403
Healthcare Clinic 6345
High School 7879
Hospital - VAV econ 8760
Hospital - CAV econ 8760
Hospital - CAV no econ 8760
Hospital - FCU 8760
Manufacturing Facility 8706
MF - High Rise 8760
MF - Mid Rise 8760
Hotel/Motel - Guest 8760
Hotel/Motel - Common 8760
Movie Theater 7505
Office - High Rise - VAV econ 6064
Office - High Rise - CAV econ 5697
Office - High Rise - CAV no econ 5682
Office - High Rise - FCU 6163
Office - Low Rise 6288
Office - Mid Rise 6125
Religious Building 7380
Restaurant 7809
Retail - Department Store 6890
Retail - Strip Mall 6846
Warehouse 6786
Unknown 7100
%FF = Percentage of run-time spent within a given flow fraction range

Default Fan Duty Cycle Based on 2012 ASHRAE Handbook; HVAC Systems and Equipment,
page 45.11, Figure 12.

422 Hours per year are estimated using the eQuest models as the total number of hours the fans are operating for heating,
cooling and ventilation for each building type.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 267 of 493



Illinois Statewide Technical Reference Manual- 4.4.26 Variable Speed Drives for HVAC Supply and Return Fans

Flow Fraction . .
Percent of Time at Flow Fraction

(% of design cfm)
0% to 10% 0.0%
10% to 20% 1.0%
20% to 30% 5.5%
30% to 40% 15.5%
40% to 50% 22.0%
50% to 60% 25.0%
60% to 70% 19.0%
70% to 80% 8.5%
80% to 90% 3.0%
90% to 100% 0.5%
PLRpgse = Part load ratio for a given flow fraction range based on the baseline flow control type
PLRgetrofit = Part load ratio for a given flow fraction range based on the retrofit flow control type

Flow Fraction

Control Type

50% 60%

No Control or Bypass

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Damper

Discharge Dampers 0.46 0.55 0.63 0.70 0.77 0.83 0.88 0.93 0.97 1.00

Outlet Damper, Bl & Airfoil

Fans 0.53 0.53 0.57 0.64 0.72 0.80 0.89 0.96 1.02 1.05

Inlet Damper Box 0.56 0.60 0.62 0.64 0.66 0.69 0.74 0.81 0.92 1.07

Inlet Guide Vane, Bl & 053 | 056 | 057 | 059 | 0.60 | 062 | 0.67 | 074 | 0.85 | 1.00

Airfoil Fans

Inlet Vane Dampers 0.38 0.40 0.42 0.44 0.48 0.53 0.60 0.70 0.83 0.99
Outlet Damper, FC Fans 0.22 0.26 0.30 0.37 0.45 0.54 0.65 0.77 0.91 1.06
Eddy Current Drives 0.17 0.20 0.25 0.32 0.41 0.51 0.63 0.76 0.90 1.04

Inlet Guide Vane, FC Fans 0.21 0.22 0.23 0.26 0.31 0.39 0.49 0.63 0.81 1.04

VFD with duct static

0.09 0.10 0.11 0.15 0.20 0.29 0.41 0.57 0.76 1.01
pressure controls

VFD with low/no duct

. 0.05 0.06 0.09 0.12 0.18 0.27 0.39 0.55 0.75 1.00
static pressure

Provided below is the resultant values based upon the defaults provided above:
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ControlType 303" (%FF X PLRgase)

No Control or Bypass Damper 1.00
Discharge Dampers 0.80
Outlet Damper, Bl & Airfoil Fans 0.78
Inlet Damper Box 0.69
Inlet Guide Vane, Bl & Airfoil Fans 0.63
Inlet Vane Dampers 0.53
Outlet Damper, FC Fans 0.53
Eddy Current Drives 0.49
Inlet Guide Vane, FC Fans 0.39
VFD with duct static pressure controls 0.30
VFD with low/no duct static pressure 0.27
IEpergy = HVAC interactive effects factor for energy (default = 15.7%)

SUMMER COINCIDENT PEAK DEMAND SAVINGS

kWaase =
Base (0.746 X HP X ) X PLRpase rrpeak
Nmotor
kw it =
Retroft (0.746 X HP x ) X PLRgetrofit Frpeak
Nmotor
AkWean = kWgase — KWretrofit
AkWiotal = ARWeyy X (1 + IEgemana)
Where:
kWgase = Baseline summer coincident peak demand (kW)
kWhetrofit = Retrofit summer coincident peak demand (kW)
AkWran = Fan-only summer coincident peak demand impact
AW otar = Total project summer coincident peak demand impact
PLRpgse Frpeak = The part load ratio for the average flow fraction between the peak daytime
hours during the weekday peak time period based on the baseline flow control
type (default average flow fraction during peak period = 90%)
PLRpetrofit, Frpeak = The part load ratio for the average flow fraction between the peak daytime
hours during the weekday peak time period based on the retrofit flow control
type (default average flow fraction during peak period = 90%)
IE jemand = HVAC interactive effects factor for summer coincident peak demand

(default = 15.7%)

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

There are no expected fossil fuel impacts for this measure.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEemMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-VSDF-V02-160601
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4.4.27 Energy Recovery Ventilator

DESCRIPTION

This measure includes the addition of energy recovery equipment on existing or new unitary equipment, where
energy recovery is not required by the IECC 2012/2015. This measure analyzes the heating savings potential from
recovering energy from exhaust or relief building air. This measure assumes during unoccupied hours of the
building no exhaust or relief air is available for energy recovery.

This measure was developed to be applicable to the following program types: TOS, NC, RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Efficient equipment is unitary equipment that incorporates energy recovery not required by the IECC 2012/2015.
DEFINITION OF BASELINE EQUIPMENT

The baseline is unitary equipment not required by IECC 2012/2015 to incorporate energy recovery.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the domestic energy recovery equipment is 15 years.423

DEEMED MEASURE COST

The incremental cost for this measure assumes cost of cabinet and controls incorporated into packaged and built
up air handler units. Additionally it assumes 1 to 1 ratio of fresh and exhausted air.

Energy Recovery Equipment Type Incremental Cost $/CFM**

Fixed Plate $6
Rotary Wheel S6
Heat Pipe S6

DEemMED O&M COST ADJUSTMENTS

There are no expected O&M savings associated with this measure.
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

423 Assumed service life limited by controls -" Demand Control Ventilation Using CO2 Sensors", pg. 19, by US Department of
Energy Efficiency and Renewable Energy
424"Map to HVAC Solutions", by Michigan Air, Issue 3, 2006
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Algorithm

CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS

SUMMER COINCIDENT PEAK DEMAND SAVINGS

There are no anticipated electrical savings from this measure as it is assumed that the additional fan energy due to
the increased static pressure drop offsets cooling energy savings. Where this is not expected to be the case, a
custom calculation should be used to determine the savings.

NATURAL GAS SAVINGS

Gas savings algorithm is derived from the following:

ATherms = (Design Heating Load * TE_ERV * EFLH * OccHours/24) / (100,000 * uHeat)
Where:
Design Heating Load =(1.08 * CFM * AT)
1.08 = A constant for sensible heat equations (BTU/h/CFM.°F)
CFM = Cubic Feet per Minute of Energy Recovery Ventilator
AT =T RA-T_DD
T_RA  =Temperature of the Return Air = 70°F or custom
T DD =Temperature on design day of outside air*?®
= (see Table below) or custom
Zone Weather Station T_DD, Temperature, °F
1 Greater Rockford -5.8
2 Chicago/O’Hare ARPT. -1.5
3 Springfield/Capital 0.4
4 Scott AFB MidAmerica 9.0
5 Cape Girardeau Regional 9.7
Average - 2.4
TE_ERV = Thermal Effectiveness of Energy Recovery Equipment?2®

= (see Table below) or custom

425\ eather Station Data, 99.6% Heating DB - 2013 Fundamentals, ASHRAE Handbook
426Energy Recovery Fact Sheet - Center Point Energy, MN
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EFLH

OccHours

Heat Recovery Equipment Type

TE_ERV (%)

Fixed Plate 0.65
Rotary Equipment 0.68
Heat Pipe 0.55

= Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End

Use

= Average Hours per day facility is occupied

= custom or use Modeling Inputs in eQuest models:

Weekday

Saturday

Sunday

Holiday

Annual

Hours

Operating| OccHours

Assembly/Convention Center |10am-9pm 10am-9pm 10am-9pm closed 3905 10.7
Assisted Living 24/7 24/7 24/7 24/7 8760 24.0
College 8am-9pm closed closed closed 3263 8.9
Convenience Store 7am-10pm 9am-9pm 10am-5pm 10am-5pm 4823 13.2
Elementary School 8am-4pm closed closed closed 1606 4.4
(20% in summer)
Garage 7am-5pm 8am-12pm closed closed 3342 9.1
Grocery 7am-9pm 7am-9pm 9am-8pm closed 4814 13.2
Healthcare Clinic 7am-7pm 9am-5pm closed closed 3428 9.4
High School 8am-4pm closed closed closed 1606 4.4
g (20% in summer) ’
Hospital 24/7 24/7 24/7 24/7 8760 24.0
Motel 24/7 24/7 24/7 24/7 8760 24.0
Manufacturing Facility (Light [Mfg: 6am-10pm, [Mfg: 6am-10pm,
Industry) Office: 8am-5pm [Office: closed closed closed 4848 133
24/7; Reduced 24/7; Reduced |24/7; Reduced|24/7; Reduced
Multi-Family Mid-Rise occupancy 7am - |occupancy 9am -|occupancy occupancy 7038 19.3
5pm 3pm 9am - 3pm 9am - 3pm
24/7; Reduced 24/7; Reduced |24/7; Reduced|24/7; Reduced
Multi-Family High-Rise occupancy 7am - |occupancy 9am -|occupancy occupancy 7038 19.3
5pm 3pm 9am - 3pm 9am - 3pm
. - _— 10am- 10am-
Movie Theater 10am-Midnight [10am-Midnight Midnight Midnight 5110 14.0
Office - Low-rise 8am-5pm closed closed closed 2259 6.2
Office - Mid-rise 8am-5pm 20% 8am-noon |closed closed 2301 6.3
Office - High-rise 8am-5pm 20% 8am-noon |closed closed 2301 6.3
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Annual
Weekday Saturday Sunday Holiday Operating| OccHours

Hours

- - Office: 8am-5pm,
Religious Building Ice: sam-opm closed 8am-1pm closed 260 0.7
other: closed
Restaurant 7am-8pm 7am-8pm 7am-8pm closed 4615 12.6
Retail - Department Store 9am-9pm 9am-9pm 10am-5pm 10am-5pm 4070 11.1
Retail - Strip Mall 9am-9pm 9am-9pm 10am-5pm 10am-5pm 4070 11.1
.. 7am-7pm

Wareh

arehouse (Conditioned 7am-7pm (reduced closed closed 3324 9.1
Storage)

occupancy)
UHeat = Efficiency of heating system

= Actual
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeemMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-ERVE-V02-160601
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4.4.28 Stack Economizer for Boilers Serving HVAC Loads

MEASURE DESCRIPTION

Stack economizers are designed to recover heat from hot boiler flue gasses. Recovered heat is used to preheat
boiler feed water. This measure describes the retrofit of HVAC boilers with stack economizers. HVAC boilers are
defined as those used for space heating applications. There is another, similar measure for boilers that serve
process loads.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the economizer must be installed on a boiler exhaust stack. Heat captured by the economizer is to be
used to pre-heat boiler feed water.

DEFINITION OF BASELINE EQUIPMENT
The baseline boiler does not have an economizer installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the boiler stack economizer is 15 years.*’

DEEMED MEASURE COST
The incremental and full measure cost for this measure is custom.

DeemMED O&M CoST ADJUSTMENTS
The O&M cost for this measure is custom.

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Atherms = SF * MBH_In * EFLH / 100

Where:
SF = (T_existing — T_eff) / 40°F * TRE

427 PA Consulting, Focus on Energy Evaluation, Business Programs: Measure Life Study, August 25, 2009.
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= see default Savings Factor table below
Where:

T_existing = Existing Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 425F*8 (water, 81.9% eff) or custom
= 480F3 (steam, 80.7% eff) or custom

T_eff = Efficient Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 338°F (conventional economizer — Water Boiler)*?® or custom
=365°F (conventional economizer — Steam Boiler)*3° or custom
= 280°F (condensing economizer — Water Boiler)*3! or custom
= 308°F (condensing economizer — Steam Boiler)*3? or custom

TRE =% efficiency increase for 40°F of stack temperature reduction
=1%* or custom

Based on defaults provided above:

Hot Water Boiler 2.19% average SF or custom 3.63% average SF or custom

Steam Boiler 2.88% average SF or custom 4.31% average SF or custom

428 Cleaver Brooks. March 2012, Boiler Efficiency Guide, Pg. 7, Figure 1.

429 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 425°F + 250°F ) / 2 = 338°F.

430 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 480°F + 250°F ) / 2 = 365°F.

431 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 425°F + 135°F ) / 2 = 280°F.

432 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 480°F + 135°F ) / 2 = 308°F.

433 United States EPA, Climate Wise: Wise Rules for Industrial Efficiency, July 1998. The Wise Rules indicate savings range of 1-
2% per 40°F reduction, so utilizing 1% is a conservative approach.

434 These average values should be utilized in absence of actual temperature data. An economizer with a zero temperature
change between the existing and the efficient temperatures would not be installed, so these average values are conservative.
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MBH_In = Rated boiler input capacity, in MBH
= Actual

EFLH = Equivalent Full Load Hours for heating are provided in Section 4.4 HVAC End Use

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-HVC-BECO-V01-150601
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4.4.29 Stack Economizer for Boilers Serving Process Loads

MEASURE DESCRIPTION

Stack economizers are designed to recover heat from hot boiler flue gasses. Recovered heat is used to preheat
boiler feed water. This measure describes the retrofit of process boilers with stack economizers. Process boilers
are defined as those used for industrial, manufacturing, or other non-HVAC applications. There is another, similar
measure for boilers that serve HVAC loads.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the economizer must be installed on a boiler exhaust stack. Heat captured by the economizer is to be
used to pre-heat boiler feed water.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler does not have an economizer installed.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the boiler stack economizer is 15 years.43>
DEEMED MEASURE COST

The incremental and full measure cost for this measure is custom.
DEEMED O&M COST ADJUSTMENTS

The O&M cost for this measure is custom.

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

435 PA Consulting, Focus on Energy Evaluation, Business Programs: Measure Life Study, August 25, 2009.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Atherms =SF * MBH_In * 8766 * UF / 100

Where:
SF = (T_existing — T_eff)/40°F * TRE

= see default Savings Factor table below

T_existing = Existing Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 425F*3¢ (water, 81.9% eff per IL TRM) or custom
= 480F3 (steam, 80.7% eff per IL TRM) or custom

T eff = Efficient Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 338°F (conventional economizer — Water Boiler)**” or custom
= 365°F (conventional economizer — Steam Boiler)*3® or custom
= 280°F (condensing economizer — Water Boiler)*3 or custom

= 308°F (condensing economizer — Water Boiler)*° or custom

436 Cleaver Brooks. March 2012, Boiler Efficiency Guide, Pg. 7, Figure 1.

437 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 425°F + 250°F ) / 2 = 338°F.

438 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 480°F + 250°F ) / 2 = 365°F.

439 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 425°F + 135°F ) / 2 = 280°F.

440 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 480°F + 135°F ) / 2 = 308°F.
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TRE =% efficiency increase for 40°F of stack temperature reduction

=1%*! or custom

Based on defaults provided above:

SF442
Boiler Type
Conventional Economizer Condensing Economizer
Hot Water Boiler 2.19% average SF or custom 3.63% average SF or custom
Steam Boiler 2.88% average SF or custom 4.31% average SF or custom
MBH_In = Rated boiler input capacity, in MBH
= Actual
8766 = Hours a year
UF = Utilization Factor

=41.9%** or custom

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PECO-V01-150601

441 United States EPA, Climate Wise: Wise Rules for Industrial Efficiency, July 1998. The Wise Rules indicate savings range of 1-

2% per 40°F reduction, so utilizing 1% is a conservative approach.
442 These average values should be utilized in absence of actual temperature data. An economizer with a zero temperature

change between the existing and the efficient temperatures would not be installed, so these average values are conservative.

443 Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012
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4.4.30 Notched V Belts for HVAC Systems

MEASURE DESCRIPTION

This measure is for replacement of smooth v-belts in non-residential package and split HVAC systems with notched
v-belts. Typically there is a v-belt between the motor and the supply air fan and/or return air fan in larger package
and split HVAC systems (RTU).

In general there are two styles of grooved v-belts, notched and synchronous. The DOE defines each as follows;

Notched V-Belts - A notched belt has grooves or notches that run perpendicular to the belt’s length, which reduces
the bending resistance of the belt. Notched belts can use the same pulleys as cross-section standard V-belts. They
run cooler, last longer, and are about 2% more efficient than standard V-belts.

Synchronous Belts - Synchronous belts (also called cogged, timing, positive-drive, or high-torque drive belts) are
toothed and require the installation of mating grooved sprockets. These belts operate with a consistent efficiency
of 98% and maintain their efficiency over a wide load range.

Smooth v-belts are usually referred to in five basic groups:

e  “L” belts are low end belts that are for small, fractional horsepower motors and these are not used in
RTUs.

e “A” and “B” belts are the two types typically used in RTUs. The “A” belt is a % inch width by 5/16 inch
thickness and the “B” belt is larger, 21/32 inch wide and 12/32 inch thick so it can carry more power. V-
belts come in a wide variety of lengths where 20 to 100 inches is typical.

e “C”and “D” belts are primarily for industrial applications with high power transmission requirements.

e V-belts are provided by various vendors. The notched version of these belts typically have an “X” added
to the designation. For this HVAC fans notched v-belt Replacement measure, only the “A” and “B” v-belts
are considered. A typical “A” v-belt is replaced by a notched “AX” v-belt and a “B” is replaced by a “BX.”
In general, smooth v-belts have an efficiency of 90% to 98% while notched v-belts have an efficiency of
95% to 98%. Because notched v-belts are more flexible they work with smaller diameter pulleys and they
have less resistance to bending. Lower bending resistance increases the power transmission efficiency,
lowers the waste heat, and allows the belt to last longer than a smooth belt.

Three research papers** 445 446 show that the notched v-belt efficiency is 2% to 5% better than a typical smooth v-

belt. A fourth paper by USDOE’s Energy Efficiency and Renewable Energy**’ group reviewed most of the earlier

literature and recommended using a conservative 2% efficiency improvement for energy savings for calculations.

For this measure it is assumed that upgrading a standard smooth v-belt with a new notched v-belt will result in a
fan energy reduction of 2%.

444"Gates Corporation Announces New EPDM Molded Notch V-Belts,” The Gates Rubber Co., June 2010 (Assumed 3% efficiency
improvement) https://ww2.gates.com/news/index.cfm?id=11296&show=newsitem&location_id=753&view=Gates

445 “Synchronous Belt Drives Offer Low Cost Energy Savings,” Baldor., February 2009. (attached in Reference Documents)

446 "Energy Savings from Synchronous Belts," The Gates Rubber Co., February 2014. (Assumed 5% efficiency improvement)
http://www.gates.com/~/media/Files/Gates/Industrial/Power%20Transmission/White%20Papers/Energy%20Savings%20from%
20Synchronous%20Belt%20Drives.pdf

447 “Motor System Tip Sheet #5, Replace V-Belts with Cogged or Synchronous Belt Drives,” USDOE-EERE, September 2005.
(Assumed 2% efficiency improvement)

http://www1.eere.energy.gov/industry/bestpractices/pdfs/replace vbelts motor systemts5.pdf
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DEFINITION OF EFFICIENT EQUIPMENT

The Efficient Equipment is HVAC RTUs that have notched v-belts installed on the supply and/or return air fans.

DEFINITION OF BASELINE EQUIPMENT

The Baseline Equipment is HVAC RTUs that have smooth v-belts installed on the supply and/or return air fans (i.e.
RTU does not already have a notched v-belt installed).

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

A v-belt has a life based on fan run hours which varies by building type based primarily on occupancy schedule
because the fans are required by code to operate continuously during occupied hours. The supply and return fans
will also run a few hours during unoccupied hours for heating and cooling as needed. For the notched v-belt EUL
calculation, the default hours**® in the following table are used for a variety of building types and HVAC

applications.
EUL = Belt Life / Occupancy Hours per year
Where:
Belt Life = 24,000 hours**
Occupancy Hours per year =values from Table below

The notched v-belt measure EUL is summarized by building type in the following table.

Notched v-belt Effective Useful Life (EUL)

Total Fan

Building Type Run Hours EUL (Years)
Assembly 7235 3.3
Assisted Living 8760 2.7
College 6103 3.9
Convenience Store 7004 3.4
Elementary School 7522 3.2
Garage 7357 3.3
Grocery 7403 3.2
Healthcare Clinic 6345 3.8
High School 7879 3.0
Hospital - VAV econ 8760 2.7
Hospital - CAV econ 8760 2.7
Hospital - CAV no econ 8760 2.7
Hospital - FCU 8760 2.7
Manufacturing Facility 8706 2.8
MF - High Rise 8760 2.7

448 ComEd Trm June 1, 2010 page 139. The Office hours is based upon occupancy from the eQuest model developed for EFLH,
since it was agreed the ComEd value was too low.

449 “DEER2014-EUL-table-update 2014-02-05.xlsx,” Database for Energy Efficiency Resources (DEER), Deer 2014.
www.deerresources.com (attached in Reference Documents)
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Total Fan

Building Type Run Hours EUL (Years)
MF - Mid Rise 8760 2.7
Hotel/Motel - Guest 8760 2.7
Hotel/Motel - Common 8760 2.7
Movie Theater 7505 3.2
Office - High Rise - VAV econ 6064 4.0
Office - High Rise - CAV econ 5697 4.2
Office - High Rise - CAV no econ 5682 4.2
Office - High Rise - FCU 6163 3.9
Office - Low Rise 6288 3.8
Office - Mid Rise 6125 3.9
Religious Building 7380 3.3
Restaurant 7809 3.1
Retail - Department Store 6890 3.5
Retail - Strip Mall 6846 3.5
Warehouse 6786 3.5
Unknown 7100 3.4

DEEMED MEASURE COST

A review of the Grainger online*° pricing for “A,” “B,” “AX,” and “BX” v-belts showed the incremental cost to
upgrade to notched v-belts would result in a 28% price increase. The notched v-belt incremental cost is
summarized in the table below:

Notched V-belt Incremental Cost Summary

Outside | Dayton Dayton
Smooth V-Belt Industry Length Smooth | Notched V-belt Industry | Notched  Price %
Number (Inches)  V-Belt* Number v-belt* Increase | Increase
A30 (Iltem # 1A095) 32 $12.70 AX29 (Item # 3GWU4) $17.65 $4.95 28%
B29 (Item # 6L208) 32 $16.75 BX29 (Item # 5TXL4) $23.23 $6.48 28%

* Pricing based on Dayton Belts as found on Grainger Website 10/30/14

DeemED O&M CoST ADJUSTMENTS

N/A

LOADSHAPE

Loadshape CO5 - Commercial Electric Heating and Cooling

COINCIDENCE FACTOR

N/A

450 Grainger catalog on-line web-site for Dayton v-belt pricing
http://www.grainger.com/Grainger/ecatalog/N-1z0r596/Ntt-v-belts
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = chonnected* Hours * ESF
Where:
kW connected =kW of equipment is calculated using motor efficiency°L.

= (HP * 0.746 kW/HP* Load Factor)/Motor Efficiency

=Motors are assumed to have a load factor of 80% for calculating KW if actual
values cannot be determined**?. Custom load factor may be applied if known.

Load Factor

Motor Efficiency = Actual motor efficiency shall be used to calculate KW. If not known a value
from the motor efficiency refrence tables below should be used*®. Default
motor is a NEMA Premium Efficiency, ODP, 4-pole/1800 RPM fan motor

Baseline Motor Efficiencies (EPACT)
Open Drip Proof (ODP) Totally Enclosed Fan-Cooled (TEFC)
# of Poles

2 6

Speed (RPM)

1800 ‘ 3600 1200 1800 3600
1/8 - 44.00% - - - -
1/6 57.50% 62.00% - - - -
1/4 68.00% 68.00% - 68.00% 64.00% -
1/3 70.00% 70.00% 72.00% 70.00% 68.00% 72.00%
1/2 78.50% 80.00% 68.00% 72.00% 74.00% 68.00%
3/4 77.00% 78.50% 74.00% 77.00% 75.50% 74.00%
1 80.00% 82.50% 75.50% 80.00% 82.50% 75.50%
1.5 84.00% 84.00% 82.50% 85.50% 84.00% 82.50%
2 85.50% 84.00% 84.00% 86.50% 84.00% 84.00%
3 86.50% 86.50% 84.00% 87.50% 87.50% 85.50%
5 87.50% 87.50% 85.50% 87.50% 87.50% 87.50%

451 Note that kWConnected may be determined using various methodologies. The examples provided use rated HP and
assumed load factor. Other methodologies include rated voltage and full load current with assumed load factor, or actual
measured voltage and current.

452 Com Ed TRM June 1, 2010

453 Efficiency values for motors less than one HP taken from Baldor Electric Catalog 501:

http://www.baldor.com/pdf/501 Catalog/CA501.pdf
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Baseline Motor Efficiencies (EPACT)

7.5 88.50% 88.50% 87.50% 89.50% 89.50% 88.50%
10 90.20% 89.50% 88.50% 89.50% 89.50% 89.50%
15 90.20% 91.00% 89.50% 90.20% 91.00% 90.20%
20 91.00% 91.00% 90.20% 90.20% 91.00% 90.20%
25 91.70% 91.70% 91.00% 91.70% 92.40% 91.00%

Efficient Motor Efficiencies (NEMA Premium)

Open Drip Proof (ODP) Totally Enclosed Fan-Cooled (TEFC)
# of Poles # of Poles
Size HP
Speed (RPM) Speed (RPM)
(Dﬁ:&t) 3600 1200 1800

0.125 * - 44.00% - - - -

1/6 57.50% 62.00% - - - -

1/4 68.00% 68.00% - 68.00% 64.00% -
1/3 70.00% 70.00% 72.00% 70.00% 68.00% 72.00%
1/2 78.50% 80.00% 68.00% 72.00% 74.00% 68.00%
3/4 77.00% 78.50% 74.00% 77.00% 75.50% 74.00%
1 82.50% 85.50% 77.00% 82.50% 85.50% 77.00%
1.5 86.50% 86.50% 84.00% 87.50% 86.50% 84.00%
2 87.50% 86.50% 85.50% 88.50% 86.50% 85.50%
3 88.50% 89.50% 85.50% 89.50% 89.50% 86.50%
5 89.50% 89.50% 86.50% 89.50% 89.50% 88.50%
7.5 90.20% 91.00% 88.50% 91.00% 91.70% 89.50%
10 91.70% 91.70% 89.50% 91.00% 91.70% 90.20%
15 91.70% 93.00% 90.20% 91.70% 92.40% 91.00%
20 92.40% 93.00% 91.00% 91.70% 93.00% 91.00%
25 93.00% 93.60% 91.70% 93.00% 93.60% 91.70%

Hours = When available, actual hours should be used. If actual hours are not available default

hours*®* are provided in table below for HVAC fan operation which varies by building
type:

434 Hours per year are estimated using the eQuest models as the total number of hours the fans are operating for heating,
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o Total Fan
Building Type Run Hours
Assembly 7235
Assisted Living 8760
College 6103
Convenience Store 7004
Elementary School 7522
Garage 7357
Grocery 7403
Healthcare Clinic 6345
High School 7879
Hospital - VAV econ 8760
Hospital - CAV econ 8760
Hospital - CAV no econ 8760
Hospital - FCU 8760
Manufacturing Facility 8706
MF - High Rise 8760
MF - Mid Rise 8760
Hotel/Motel - Guest 8760
Hotel/Motel - Common 8760
Movie Theater 7505
Office - High Rise - VAV econ 6064
Office - High Rise - CAV econ 5697
Office - High Rise - CAV no econ 5682
Office - High Rise - FCU 6163
Office - Low Rise 6288
Office - Mid Rise 6125
Religious Building 7380
Restaurant 7809
Retail - Department Store 6890
Retail - Strip Mall 6846
Warehouse 6786
Unknown 7100
ESF = Energy Savings Factor, the ESF for notched v-belt Installation is assumed to be 2%

cooling and ventilation for each building type.
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EXAMPLE

For example, an low rise office building RTU with a 5 HP NEMA premium efficiency motor using the default hours of
operation, motor load and 89.5% motor efficiency;

AkWh = kWeconnected® Hours * ESF
= ((HP * 0.746 kW/HP* Load Factor)/Motor Efficiency) * Hours * ESF
= ((5 HP * 0.746 kW/HP* 80%) / 89.5%) * 6288 * 2%

=419 kWh Savings

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW = chonnected* ESF

Where:
kW connected = kW of equipment is calculated using motor efficiency.
= (HP *0.746 kW/HP* Load Factor)/Motor Efficiency
Variables as provided above
EXAMPLE

89.5% motor efficiency;
AkW = chonnected* ESF
= ((HP * 0.746 kW/HP* Load Factor)/Motor Efficiency) * ESF

= ((5 HP * 0.746 KW/HP* 80%) / 89.5%) * 2%

=0.0667 kW Savings

For example, an office building RTU with a 5 HP NEMA premium efficiency motor using the default motor load and

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION

N/A
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MEASURE CoDE: CI-HVC-NVBE-V02-160601
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4.4.31 Small Business Furnace Tune-Up
DESCRIPTION

This measure is for a natural gas Small Business furnace that provides space heating. The tune-up will improve
furnace performance by inspecting, cleaning and adjusting the furnace and appurtenances for correct and efficient
operation. Additional savings maybe realized through a complete system tune-up.

This measure was developed to be applicable to the following program types: Small business.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure an approved technician must complete the tune-up requirements*®® listed below:

e Measure combustion efficiency using an electronic flue gas analyzer

e Check and clean blower assembly and components per manufacturer’s recommendations

e Where applicable Lubricate motor and inspect and replace fan belt if required

e Inspect for gas leaks

e Clean burner per manufacturer’s recommendations and adjust as needed

e  Check ignition system and safety systems and clean and adjust as needed

e Check and clean heat exchanger per manufacturer’s recommendations

¢ Inspect exhaust/flue for proper attachment and operation

¢ Inspect control box, wiring and controls for proper connections and performance

e Check air filter and clean or replace per manufacturer’s

e Inspect duct work connected to furnace for leaks or blockages

e Measure temperature rise and adjust flow as needed

e Check for correct line and load volts/amps

e Check thermostat operation is per manufacturer’s recommendations (if adjustments made, refer to ‘Small
Commercial Programmable Thermostat Adjustment’ measure for savings estimate)

e  Perform Carbon Monoxide test and adjust heating system until results are within standard industry
acceptable limits

DEFINITION OF BASELINE EQUIPMENT

The baseline is furnace assumed not to have had a tune-up in the past 2 years.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the tune up is 2 years.4%6

DEEMED MEASURE COST

The incremental cost for this measure should be the actual cost of tune up.

455 American Standard Maintenance for Indoor Units: http://www.americanstandardair.com/owner-support/maintenance.html
4356Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.3 Gas Forced-Air Furnace Tune-up.
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DEEMED O&M COST ADJUSTMENTS

There are no expected O&M savings associated with this measure.
LOADSHAPE
Loadshape C04 - Commercial Electric Heating

COINCIDENCE FACTOR

N/A
Algorithms
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh =ATherms * Fe * 29.3
Where:
ATherms = as calculated below
Fe = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%%57
29.3 =kWh per therm
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS SAVINGS
ATherms = (Capacity * EFLH * (((Effbefore + Ei)/ Effbefore) — 1)) / 100,000
Where:
Capacity = Furnace gas input size (Btu/hr)
= Actual
EFLH = Equivalent Full Load Hours for heating are provided

457 Fq is not one of the AHRI certified ratings provided for residential furnaces, but can be reasonably estimated from a
calculation based on the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample
(non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the Energy Star version 3 criteria for 2% Fe. See
“Programmable Thermostats Furnace Fan Analysis.xIsx” for reference.
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in section 4.4 HVAC End Use
Effbefore = Efficiency of the furnace before the tune-up
= Actual
Note: Contractors should select a mid-level firing rate that appropriately represents the average

building operating condition over the course of the heating season and take readings at a
consistent firing rate for pre and post tune-up.

El = Efficiency Improvement of the furnace tune-up measure
= Actual
100,000 = Converts Btu to therms

EXAMPLE

A 200 kBtu furnace in a Rockford low rise office records an efficiency prior to tune up of 82% AFUE and a 1.8%
improvement in efficiency are tune up:

Atherms = (200,000 * 1428 * (((0.82 + 0.018)/ 0.82) — 1)) /100,000
=62.3 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

O&M COoST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: CI-HVC-FTUN-V02-160601
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4.4.32 Combined Heat and Power

DESCRIPTION

The Combined Heat and Power (CHP) measure can provide energy savings within the State of lllinois through the
development and operation of CHP projects. This measure is applicable for Conventional or Topping Cycle CHP
systems, as well as Waste Heat-to-Power (WHP) or Bottoming Cycle CHP systems. The measure will reduce the
total Btu’s of energy required to meet the end use needs of the facility.

It is recognized that CHP system design and configuration may be complex, and as such the calculation of energy
savings may not be reducible to the equations within this measure. In such cases a more comprehensive
engineering and financial analysis may be developed that more accurately incorporates the attributes of complex
CHP configurations such as variable-capacity systems, and partial combined-cycle CHP systems. Where noted, the
use of values that are determined through an external engineering analysis may be substituted by agreement
between the participant, the program administrator and independent evaluator. This substitution of values does
not eliminate ex post evaluation risk (retroactive adjustments to savings claims) that exists when using custom
inputs.

This measure was developed to be applicable to the following program types: Retrofit (RF), New Construction (NC).
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Conventional or Topping Cycle CHP is defined as an integrated system that is located at or near the building or
facility (on-site, on the customer side of the meter) that utilizes a prime mover (reciprocating engine, gas turbine,
micro-turbine, fuel cell, boiler/steam turbine combination) for the purpose of generating electricity and useful
thermal energy (such as steam, hot water, or chilled water) where the primary function of the facility where the
CHP is located is not to generate electricity for use on the grid. An eligible system must demonstrate a minimum
total system efficiency of 60% (HHV)*58 with at least 20% of the system’s total useful energy output in the form of
useful thermal energy on an annual basis.

Measuring and Calculating Conventional CHP Total System Efficiency:

CHP efficiency is calculated using the following equation:

kBtu) Ecup (kWh kBtu)]

[CHPthermal (y_T y_r) *3.412 (m

CHP Efficiency(HHV) = kBtu
Frotaicup (y_r)

Where:

CHP thermai = Useful annual thermal energy output from the CHP system, defined as the annual thermal
energy output of the CHP system that is actually recovered and utilized in the facility/process.

Echp = Useful annual electricity output produced by the CHP system, defined as the annual electric
energy output of the CHP system that is actually utilized to replace purchased electricity
required to meet the requirements of the facility/process.

FrotalcHp =Total annual fuel consumed by the CHP system

For further definition of the terms, please see “Calculation of Energy Savings” Section below.

438 Higher Heating Value (HHV): refers to the heating value of the fuel and is defined as the total thermal energy available,
including the heat of condensation of water vapors,resulting from complete combustion of the fuel
versus the Lower Heating Value (LHV) which assumes the heat of condensation is not available
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Waste Heat-to-Power or Bottoming Cycle CHP is defined as an integrated system that is located at or near the
building or facility (on-site, on the customer side of the meter) that does one of the following:

e  Utilizes exhaust heat from an industrial/commercial process to generate electricity (except for exhaust heat
from a facility whose primary purpose is the generation of electricity for use on the grid); or

e  Utilizes the pressure drop in an industrial/commercial facility to generate electricity through a backpressure
steam turbine where the facility normally uses a pressure reducing valve (PRV) to reduce the pressure in their
facility; or

e  Utilizes the pressure reduction in natural gas pipelines (located at natural gas compressor stations) before the
gas is distributed through the pipeline to generate electricity, provided that the conversion of energy to
electricity is achieved without using additional fossil fuels.

Since these types of systems utilize waste heat as their fuel, they do not have to meet any specific total system
efficiency level (assuming they use no additional fossil fuel in their operation) If additional fuel is used onsite, it
should be accounted for using the following methodology:

- Treat the portion of Waste-Heat-to-Power that does not require any additional fuel using the Waste-Heat-
to-Power methodology outlined in this document.

- Treat the portion of Waste-Heat-to-Power that requires additional fuel (if natural gas) using the
Conventional CHP methodology outlined in this document. If the additional fuel is not natural gas, custom
carbon equivalency calculations would be needed — refer to section “Calculation of Energy Savings” for
more details.

- Add the energy savings together.

These systems may export power to the grid.

DEFINITION OF BASELINE EQUIPMENT
Electric Baseline: The baseline facility would be a facility that purchases its electric power from the grid.

Heating Baseline (for CHP applications that displace onsite heat): The baseline equipment would be the
boiler/furnace operating onsite, or a boiler/furnace meeting the baseline equipment defined in the High Efficiency
Boiler (Section 4.4.10)/Furnace (Section 4.4.11) measures of this TRM.

Cooling Baseline (for CHP applications that displace onsite cooling demands): The baseline equipment would be
the chiller (or chillers) operating onsite, or a chiller (or chillers) meeting the definition of baseline equipment
defined in the Electric Chiller (Section 4.4.6) measure of this TRM.

Facilities that use biogas or waste gas: Facilities that use (but are not purchasing) biogas or waste gas that is not
otherwise used, whether they are using biogas or waste gas only or a combination of biogas or waste gas and
natural gas to meet their energy demands are also eligible for this measure. If additional fuel is purchased to
power the CHP system, then the additional natural gas should be taken into account using the following
methodology:

- Treat the portion of CHP system that does not require any additional fuel, or that requires additional fuel
that would otherwise be wasted (e.g. flared), using the Waste-Heat-to-Power methodology outlined in
this document.

- Treat the portion of CHP that requires additional fuel (if natural gas) using the Conventional CHP
methodology outlined in this document. If the additional fuel is not natural gas, custom carbon
equivalency calculations would be needed — refer to section “Calculation of Energy Savings” for more
details.

- Add the energy savings together.

Consumption of any biogas or waste gas that would not otherwise being wasted (e.g., flared) will be accounted for
in the overall net BTU savings calculations the same as for purchased natural gas.
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

Measure life is a custom assumption, dependent on the technology selected and the system installation.

DEeMED MEASURE COST

Custom installation and equipment cost will be used. These costs should include the cost of the equipment and the
cost of installing the equipment. Equipment costs include, but are not limited to: prime mover, heat recovery
system(s), exhaust gas treatment system(s), controls, and any interconnection/electrical connection costs.

The installations costs include labor and material costs such as, but not limited to: labor costs, materials such as
ductwork, piping, and wiring, project and construction management, engineering costs, commissioning costs, and
other fees.

Measure costs will also include the present value of expected maintenance costs over the life of the CHP system.
LOADSHAPE

Use Custom Loadshape. The loadshape should be obtained from the actual CHP operation strategy, based on the
On-Peak and Off-Peak Energy definitions specified in Table 3.3 of “Section 3.5 Electrical Loadshapes” of the TRM.

COINCIDENCE FACTOR

Custom coincidence factor will be used. Actual value based on the CHP operation strategy will be used.

Algorithm

CALCULATION OF ENERGY SAVINGS

i) Conventional or Topping Cycle CHP Systems:

Step 1: (Calculating Total Annual Source Fuel Savings in Btus)

The first step is to calculate the total annual source fuel savings associated with the CHP installation, in order to
ensure the CHP project produces positive total annual source fuel savings (i.e. reduction in source Btus):

SkuelcHp = Annual fuel savings (Btu) associated with the use of a Conventional CHP system to generate
the useful electricity output (kWh, converted to Btu) and useful thermal energy output (Btu)
versus the use of the equivalent electricity generated and delivered by the local grid and the
equivalent thermal energy provided by the onsite boiler/furnace.

= (Fgrid + FthermalcHp) — Frotal cHp

Where:
Fegrid = Annual fuel in Btu that would have been used to generate the useful electricity output of the
CHP system if that useful electricity output was provided by the local utility grid.
= Echp * Hgrid
Where:
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Ecnp = Useful annual electricity output produced by the CHP system, defined as the annual
electric energy output of the CHP system that is actually utilized to replace purchased
electricity required to meet the requirements of the facility/process. 450

= ( CHPcapacity * Hours ) - Eparasitic

CHPcapacity = CHP nameplate capacity
= Custom input
Hours = Annual operating hours of the system
= Custom input
Eparasitic =The electricity required to operate the CHP system that would otherwise not
be required by the facility/process
= Custom input

Hgrid = Heat rate of the grid in Btu/kWh, based on the average fossil heat rate for the EPA
eGRID subregion, adjusted to take into account T&D losses.

For systems operating less than 6,500 hrs per year:

Use the Non-baseload heat rate provided by EPA eGRID for RFC West region for ComEd
territory (including independent providers connected to RFC West), and SERC Midwest
region for Ameren territory (including independent providers connected to SERC
Midwest)*®°. Also include any line losses.

For systems operating more than 6,500 hrs per year:

Use the All Fossil Average heat rate provided by EPA eGRID for RFC West region for
ComEd territory (including independent providers connected to RFC West), and SERC
Midwest region for Ameren territory (including independent providers connected to
SERC Midwest). Also include any line losses.

FthermalcHp = Annual fuel in Btu that would have been used on-site by a boiler/furnace to provide the
useful thermal energy output of the CHP system. 461

= CHPthermal / Boilerefr (or CHPthermal / Furnacee)
CHPthermal = Useful annual thermal energy output from the CHP system, defined as the

annual thermal energy output of the CHP system that is actually recovered and
utilized in the facility/process.

439 For complex systems this value may be obtained from a CHP System design/financial analysis study.
460  Refer to EPA eGRID data http://www.epa.gov/chp/documents/fuel and co2 savings.pdf, page 24 and
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID 9th edition V1-0 year 2010 Summary Tables.pdf, page 9.
Current values are:

- Non-Baseload RFC West: 9,811 Btu/kWh * (1 + Line Losses)

- Non-Baseload SERC Midwest: 10,511 Btu/kWh * (1 + Line Losses)

- All Fossil Average RFC West: 10,038 Btu/kWh * (1 + Line Losses)

- All Fossil Average SERC Midwest: 10,364 Btu/kWh * (1 + Line Losses)
461 For complex systems this value may be obtained from a CHP System design/financial analysis study.
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= Custom input

Boileretf /Furnaceest= Efficiency of the on-site Boiler/Furnace that is displaced by the CHP
system or if unknown, the baseline equipment value stated in the High
Efficiency Boiler (Section 4.4.10) measure or High Efficiency Furnace (Section

4.4.11) measure in this TRM. .
= Custom input

Ftotal cHp = Total fuel in Btus consumed by the CHP system

= Custom input

Step 2: (Savings Allocation to Program Administrators for Purposes of Assessing Compliance with Energy Savings
Goals (Not for Use in Load Reduction Forecasting))

Savings claims are a function of the electric output of the CHP system (Echr), the used thermal output of the CHP
system (Fthermaicip), and the CHP system efficiency (CHPes(HHV)). The percentages of electric output and used
thermal output that can be claimed also differ slightly depending on whether the project was included in both
electric?®? and gas*®3 Energy Efficiency Portfolio Standard (EEPS)464 efficiency programs, only an electric EEPS
program or only a gas EEPS program. The tables below provide the specific percentages of electric and/or thermal
output that can be claimed under each of those three scenarios. These percentages apply only to cases in which
natural gas is the fuel used by the CHP system. Saving estimates for systems using other fuels should be calculated
on a custom basis. If the waste heat recovered from the CHP system is offsetting electric equipment, such as an
absorption chiller offsetting an electric chiller, then the net change in electricity consumption associated with the
electric equipment should be added to the allocated electric savings.

1)  For systems participating in both electric EEPS and gas EEPS programs:

CHP Annual System Efficiency
(HHV)

Allocated Electric Savings Allocated Gas Savings

60% 65% of Ecnp (kWh) No gas savings

65% of Ecie (kWh) + one percentage
point increase for every one

>60% to 65% percentage point increase in CHP No gas Savings
system efficiency (max 70% of Ecwxp
in kwWh)

2.5% of Fihermal (useful thermal
output of the CHP system) for every
one percentage point increase in
CHP system efficiency above 65%.

>65% 70% of Echp (kWh)

462220 ILCS 5/8-103; 220 ILCS 5/16-111.5B

463 220 ILCS 5/8-104

464 As used in this measure characterization, EEPS programs are defined as those energy efficiency programs implemented
pursuant to Sections 8-103, 8-104, and 16-111.5B of the lllinois Public Utilities Act. Technically, EEPS programs pertain to energy
efficiency programs implemented pursuant to 220 ILCS 5/8-103 and 220 ILCS 5/8-104. However, for simplicity in presentation,
this measure defines EEPS programs as also including those programs implemented pursuant to 220 ILCS 5/16-111.5B (these
programs are funded through the same energy efficiency riders established pursuant to Section 8-103).
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Example: System with measured annual system efficiency (HHV) of 70%: Electric savings (kWh) = 70% of Ecnp
measured over 12 months, and Gas savings (therms) = 12.5% of Fthermal measured over 12 months (70% - 65% =5 X
2.5% = 12.5%)

2)  For systems participating in only an electric EEPS program:

CHP Annual System Efficiency
(HHV)

Allocated Electric Savings Allocated Gas Savings

65% of Ecne (useful electric output of

0,
60% CHP system in kWh)

No gas Savings

65% + one percentage point
increase for every one percentage
point increase in CHP system
efficiency (no max)

Greater than 60% No gas Savings

Example: System with measured annual fuel use efficiency of 75%: Electric savings (kWh) = 65% + 15% = 80% of
Ecup measured over 12 months (15% = 1% for every 1% increase in system efficiency). No gas savings (therms).
3)  For systems participating in only a gas EEPS program:

Effici
L lulTE Rl ) Allocated Electric Savings Allocated Gas Savings

(HHV)

2.5% of Fthermal (useful thermal
output of the CHP system) for

60% or greater No electric savings every one percentage point
increase in CHP system efficiency
above 60%.

Example: System with measured annual system efficiency (HHV) of 70%: No Electric savings (kWh). Gas savings
(therms) = 25% of Fthermal measured over 12 months (70% - 60% = 10 X 2.5% = 25%)

Conventional or topping cycle CHP systems virtually always require an increase in the use of fuel on-site in order to
produce electricity. Different jurisdictions and experts across the country have employed and/or put forward a
variety of approaches?#® to address how increased on-site fuel consumption should be reflected in the attribution
of electric savings to CHP systems. The approach reflected in the tables above is generally consistent — for CHP
systems consuming natural gas — with approaches recently put forward by the Southwest Energy Efficiency Project
(SWEEP) and Institute for Industrial Productivity (IIP) that determine reduced electric savings based on the
equivalent amount of carbon dioxide generated from the increased fuel used*6,

465 Approaches range from ignoring the increased gas use entirely (i.e., no “penalty”) to applying approximately 40-60%
“penalties”, depending on the CHP efficiency and based on the equivalent grid kWh that the increased gas use represents.

466 Consider, for example, a hypothetical CHP system that produces 5 million kWh annually, consumes 50 million kBtu of gas
annual to generate that electricity (i.e. electric efficiency of approximately 34.8% HHV), reduces on-site gas use for space
heating by 26 million kBtu of gas (i.e. equivalent to approximately 81.5% CHP thermal output utilization displacing gas used in a
70% efficient space heating boiler) and has a total annual CHP efficiency of 70.6% HHV. In this example, the net increase in on-
site gas use is 24 million kBtu. At a carbon dioxide emission rate of 53.06 kg/MMBtu for burning natural gas, that translates to
an increase in on-site carbon dioxide emissions of 1404 tons per year. At an estimated marginal emission rate of 1.098 tons of
carbon dioxide per MWh in Illinois, that is equivalent to electric grid production of approximately 1.28 million kWh, or penalty
of about 25.6% of the CHP system’s electrical output if a precise calculation of carbon equivalency was utilitized to assign
savings. In comparison, the simplified table above would entitle an electric utility to claim savings equal to 75.6% of the electric
output (i.e. a penalty of 24.4% of electrical output) if it was the only utility promoting the system. In a gas and electric example,
the electric savings claimed would be 70% of the production (a penalty of 30% of the CHP system’s electrical output) and 12.5%
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There are a variety of ways one could treat the potential for gas utilities to claim savings from CHP projects in
their EEPS portfolios. For projects in which a natural gas EEPS program is involved, the tables above treat savings
from CHP installations in two steps: (1) a fuel-switch from electricity to natural gas (i.e. using more natural gas to
eliminate the need to generate as much electricity on the grid); and (2) possible increases in CHP efficiency above
a “benchmark” level. When both electric EEPS and natural gas EEPS programs are involved in a project, the
program administrator claims all the electricity savings associated with a fuel-switch up to a “benchmark” 65%
efficient CHP system. All the savings associated with increasing CHP efficiencies above that benchmark level are
allocated to natural gas (e.g. if the CHP efficiency is 75%, the natural gas savings associated with an increase in
CHP efficiency from 65% to 75% are allocated to natural gas). That is consistent with the notion that CHP
efficiency typically increases primarily by increasing the use of the thermal output of the system (increasing the
displacement of baseline gas use). For projects that involve only a natural gas EEPS program, the “benchmark”
above which the gas utility can claim savings is lowered to 60%.

i) Waste-Heat-to-Power CHP Systems :

ELECTRIC ENERGY SAVINGS:
AKWh  =Ecnp
Where:

Ecnp = Useful annual electricity output produced by the CHP system, defined as the annual electric
energy output of the CHP system that is actually utilized to replace purchased electricity
required to meet the requirements of the facility/process.

= Custom input
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW =CF * CHPcapacity
Where:

CF = Summer Coincidence factor. This factor should also consider any displaced chiller capacity*t”

= Custom input

CHPcapacity = CHP nameplate capacity

= Custom input

NATURAL GAS ENERGY SAVINGS:

ATherms = FthermalcHp + 100,000

Where:
Fthermalcrp = Net savings in annual purchased fuel in Btu, if any, that would have been used on-site by a
boiler/furnace to provide some or all of the useful thermal energy output of the CHP
system?*%8,

of the recovered thermal output, equivalent to 2.23 million kBtu. The difference between the electric only scenario and the
electric and gas, on the electric side, is 5% of the electric output or 250,000 kWh, which would require 2.45 million kBtu input at
an efficiency of 34.8% HHV.

467 If some or all of the existing electric chiller peak demand is no longer needed due to new waste heat powered chillers (e.g.,
absorption), the coincidence factor should be adjusted appropriately.

468 |n most cases, it is expected that waste-heat-to-power systems will not provide any new net useful thermal energy output,
since the CHP system will be driven by thermal energy that was otherwise being wasted. If additional natural gas or other
purchased energy is used onsite, it should be properly accounted for.
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100,000 = Conversion factor for Btu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION

Custom estimates of maintenance costs that will be incurred for the life of the measure will be used. Maintenance
costs vary with type and size of the prime mover. These costs include, but are not limited to:

e Maintenance labor

e Engine parts and materials such as oil filters, air filters, spark plugs, gaskets, valves, piston rings, electronic
components, etc. and consumables such as oil

e Minor and major overhauls

For screening purposes, the US EPA has published resource guides that provide average maintenance costs based
on CHP technology and system size*6°,

COST-EFFECTIVENESS SCREENING AND LOAD REDUCTION FORECASTING

For the purposes of forecasting load reductions due to CHP projects per Section 16-111.5B, changes in site energy
use at the customer’s meter — reduced consumption of utility provided electricity — adjusted for utility line losses
(at-the-busbar savings), customer switching estimates, NTG, and any other adjustment factors deemed
appropriate, should be used.

For the purposes of screening a CHP measure application for cost-effectiveness, changes in site energy use —
reduced consumption of utility provided electricity and the net change in consumption of fuel — should be used.
In general, the benefit and cost components used in evaluating the cost-effectiveness of a CHP project would
include at least the following terms:

Benefits: EcHp + AKW + Fthermal_cHp
Costs: Ftotal_crp + CHPcosts +O&Mcosts
Where:
CHPcosts = CHP equipment and installation costs as defined in the “Deemed Measure Costs” section
O&Mcosts = CHP operations and maintenance costs as defined in the “Deemed O&M Cost Adjustment

Calculation” section

MEASURE CODE: CI-HVC-CHAP-V01-150601

469 “EPA Combined Heat and Power Partnership Resources” Oct 07, 2014, http://www.epa.gov/chp/resources.html in the
document “Catalog of CHP technologies” http://www.epa.gov/chp/documents/catalog chptech full.pdf pages 2-16, 3-14, 4-14,
5-14, and 6-16.
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4.4.33 Industrial Air Curtain

DESCRIPTION

This measure applies to buildings with exterior entryways that utilize overhead doors. All other air curtain
applications, such as through sliding door entryways or conventional foot-traffic entryways, require custom
analysis as air curtain designs must often accommodate other factors that may change their effectiveness.

The use of overhead doors within exterior entryways during the heating season leads to the exfiltration of warm
air from the upper portion of the door opening and the infiltration of colder air from the lower portion of the door
opening. This results in increase heating energy use to compensate for heat losses every time a door is opened. By
reducing heat losses, air curtains can also enhance the physical comfort of employees or customers near the
entryway as there will be reduced temperature fluctuations when the door is opened and closed. In addition, in
some cases excess heating capacity may be installed in buildings to meet this larger heating load. The addition of
air curtains to exterior entryways that currently utilize overhead doors will result in energy savings and enhanced
personal comfort, and also possibly in reduced equipment sizing and corresponding costs.

The primary markets for this measure are commercial and industrial facilities with overhead doors in exterior
entryways, including but not limited to the following building types: retail, manufacturing, and warehouse (non-
refrigerated).

Limitations

For use in conditioned spaces with an overhead door in an exterior entryway. This measure does include other
door types such doorways to commercial spaces such as retail.

This measure should only be applied to spaces in which the overhead door separates a conditioned space and an
unconditioned space.

Installation must follow manufacturer recommendations to attain proper air velocity, discharge angle down to the
floor level, and unit position.

Certain heating systems may not be a good fit for air curtains, such as locations with undersized heating capacity.
In these cases, the installation of an air curtain may not effectively reduce heating system cycling given the
inappropriately sized heating capacity.

Buildings with slightly positive to slightly negative (~5 Pa to -10 Pa). For all other scenarios, custom analysis is
recommended.

Measure assumes that wind speeds at near ground level are less than or equal to 12 mph for 90% of the heating or
cooling season. For areas with more extreme weather, custom analysis is necessary.

Note: for cost effectiveness, it is recommended that minimum door open times should be approximately 15 hours
per week.470

This measure was developed to be applicable to the following program types: NC, RF. If applied to other program
types, the measure savings should be verified.

The following methodology is highly complex and requires significant data collection. It is hoped that simplifying
steps can be made in future iterations based on continued metering and evaluation of installations. Also the data
collected through implementing the measure in the way currently drafted will aid in simplifying efforts at a future
date.

DEFINITION OF EFFICIENT EQUIPMENT

Overhead air curtains designed for commercial and industrial applications that have been tested and certified in

470 Spentzas, Steve, et. al, “1009: Commercial and Industrial Air Curtains — Public Project Report,” Nicor Gas Emerging
Technology Program (Oct 2014): 9
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accordance with ANSI/AMCA 220 and installed following manufacturer guidelines. Measure is for standard models
without added heating.

DEFINITION OF BASELINE EQUIPMENT

No air curtain or other currently installed means to effectively reduce heat loss and air mixing during door
openings, such as a vestibule or strip curtain.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years.*"!

DEeMED MEASURE COST

The incremental capital cost for overhead air curtains for exterior entryways are as follows, with an added average
installation cost approximately equal to the capital cost.472

Door Size Capital Cost

8’'wx 8h $3,600

10'w x 10’h | $4,500

10'w x 12’h | $5,400

12’'wx 14’h | $8,000

16'w x 16’h | $13,300

LOADSHAPE

Heating Season: If electric heating, use Commercial Electric Heating Loadshape: C04. Otherwise, N/A

Cooling Season: Commercial Cooling Loadshape C03. Or, if applicable, use Commercial Electric Heating and Cooling
Loadshape CO5.

COINCIDENCE FACTOR

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3%"*"
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8% 4"
Algorithm

471 Navigant Consulting Inc, Measures and Assumptions for Demand Side Management (DSM) Planning: Appendix C:
Substantiation Sheets, “Air Curtains — Single Door,” Ontario Energy Board, (April 2009): C-137.

2014 Database for Energy-Efficient Resources, EUL/RUL (Effective/Remaining Useful Life) Values, February 4, 2014.

472 Based on manufacturer interviews and air curtain specification sheets.

473 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

474Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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CALCULATION OF ENERGY SAVINGS

The following formulas provide a methodology for estimating cooling load (kWh) and heating load (therm) savings
associated with the installation of air curtains on exterior entryways such as a single door or loading bay. This
algorithm is based on the assumption that therm savings are directly related to the difference in cooling or heating
losses due to infiltration or exfiltration through an entryway before and after the installation of an AMCA certified
air curtain. Energy savings are assumed to be the result of a reduction of natural infiltration effects due to wind
and thermal forces and follow the calculation methodology outlined by the ASHRAE Handbook.4” The calculation
assumes that the air curtain is appropriately sized and commissioned to be effective in mitigating infiltration of
winds of up to 12 mph for at a least 90% of the year (based on manufacturer literature and TMY3 wind speed
ranges at near ground level for lllinois).#”® Additionally, this measure assumes the HVAC systems are appropriately
balanced such that the maximum pressure differential between indoor air and outdoor air is within the range of 5
Pa < AP < -10 Pa.*”” Custom analysis is necessary if building pressurization exceeds this range. However, while
effectiveness decreases, some studies suggest that air curtains outperform vestibules and single door construction
for negatively pressurized buildings with a AP of above -30 Pa.*’8

This algorithm allows either actual inputs or provides estimates if actual data is not available. All weather
dependent values are derived from TMY3 data for the closest weather station to those locations defined
elsewhere in the Illinois TRM (which are based on 30 year climate normals). If TMY3 weather station data was not
available for the data used in the lllinois TRM, the next closest weather station was used. It is assumed that
weather variations are negligible between the weather stations located within the same region. This approach was
followed as the air curtain algorithm has a number of weather dependent variables which are all calculated in
relation to the heating season or cooling season as defined by the balance point temperature deemed appropriate
for the facility. All weather dependent data is based on TMY3 data and is listed in tables by both climate zone and
balance point temperature, which is then normalized to the lllinois TRM climate zoned HDD/CDD definitions unless
otherwise noted.

ELECTRIC ENERGY SAVINGS

AkWhcooling = [(Qtbe — Qtac) / EER = (HP * 0.7457)] * topen * CD
AkWhHPheating = [(Qibc — Qtac) / HSPF — (HP * 0.7457)] * topen * HD
AkWhGasheating = - (HP * 0.7457) * topen * HD

Where:
Qube = rate of total heat transfer through the open entryway, before air curtain (kBtu/hr)
Qrac = rate of total heat transfer through the open entryway, after air curtain (kBtu/hr)

(see calculation in ‘Heat Transfer Through Open Entryway with/without Air Curtain’ sections
below)

EER = energy efficiency ratio of the cooling equipment (kBtu/kWh)
= Actual. If unknown, use the table C403.2.3(2) in IECC 2012 (or IECC 2015 if through new

475 ASHRAE, “Ventilation and Infiltration,” in 2013 ASHRAE Handbook — Fundamentals (2013): Ch 16.1 - 16.37

476 National Solar Radiation Data Base — 1991 — 2005 Update: Typical Meteorological year 3.

http://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/by state and city.html

477 Spentzas, Steve, et. al, “1009: Commercial and Industrial Air Curtains — Public Project Report,” Nicor Gas Emerging
Technology Program (Oct 2014): 10

Wang, Liangzhu, “Investigation of the Impact of Building Entrance Air Curtain on Whole Building Energy Use,” Air Movement
and Control International, Inc. (2013). 4

478 Wang, Liangzhu, “Investigation of the Impact of Building Entrance Air Curtain on Whole Building Energy Use,” Air Movement
and Control International, Inc. (2013). 4
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construction) to assume values based on code estimates
HP = Input power for air curtain (hp)

= Actual value. If actual value not available, use the following estimates based on manufacturer

specs
Door Size Fan HP

8'wx 8h 1
10'w x 10’h 1.5
10'w x 12’h 4
12’w x 14’h 6
16’'w x 16’h 12

0.7457 = unit conversion factor, brake horsepower to electric power (kW/HP)
topen = average hours per day the door is open (hr/day)
= Actual or user defined estimated value.
CD = cooling days per year, total days in year above balance point temperature (day)

= use table below to select the best value for location*”®

cD
(Balance Point Temperature)

Climate zone = 45°F  S0°F  55°%F  60°F  65°F

Weather Station/City

L -Rockford AP / 194 168 148 124 97

Rockford

2-Chicago O'Hare AP/ |4, 173 153 127 95

Chicago

3 - Springfield #2 / 214 194 174 148 114

Springfield

4- Be|.|EVI||e SIURSCH / 258 229 208 174 138

Belleville

5 - Carbondale

Southern IL AP / Marion 222 201 181 158 130
HSPF = Heating System Performance Factor of heat pump equipment

479 National Solar Radiation Data Base — 1991 — 2005 Update: Typical Meteorological year 3.

http://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/by state and city.html

Note that cooling days (CD) are calculated by first determining its value from the TMY3 data associated with the appropriate
weather station as defined by and used elsewhere in the Illinois TRM. Using the TMY3 outdoor air dry bulb hourly data, Error!
Reference source not found.the annual hours are totaled for every hour that the outdoor air dry bulb temperature is above a designated
zero heat loss balance point temperature or base temperature for cooling. For commercial and industrial (C&I) buildings, a base
temperature for heating of 55 °F is designated in the lllinois TRM, but building specific base temperatures are recommended for
large C&I projects. Additionally, the TRM uses a 30-year normal data for degree-days while the CD calculation was based on
TMY3 data; in order to account for this, calculations of CD were also normalized by the ratio of CDD to align the calculated
values more closely with the TRM.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 303 of 493


http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html

lllinois Statewide Technical Reference Manual- 4.4.33 Industrial Air Curtain

= Actual. If unknown, use the table C403.2.3(2) in IECC 2012 (or IECC 2015 if through new
construction) to assume values based on code estimates

HD = heating days per year, total days in year above balance point temperature (day)
= use table below to select an appropriate value*0:

HD
Climate Zone -
Weather Station/City

45 °F 50 °F 55 °F 60 °F 65 °F

1 -Rockford AP / Rockford 142 160 183 204 228
2 - Chicago O'Hare AP / Chicago 150 166 192 219 253
3 - Springfield #2 / Springfield 125 142 167 194 230
4 - Belleville SIU RSCH / Belleville 101 115 134 156 180
5 - Carbondale Southern IL AP / Marion 103 123 148 174 205

Heat Transfer Through Open Entryway without Air Curtain (Cooling Season)
Qube =4.5 * CFMtot *(hoc — hic) / (1,000 Btu/kBtu)
Where:
4.5 = unit conversion factor with density of air: 60 min/hr * 0.075 lbm/ft3 (Ib*min/(ft*hr))
CFMiwot = Total air flow through entryway (cfm), see calculation below
hoc = average enthalpy of outside air during the cooling season (Btu/Ib)

= use the below table to determine the approximate outdoor air enthalpy associated with an
indoor temperature setpoint and climate zone.48!

Climate Zone -

Weather Station/City
1 -Rockford AP / Rockford 31.6 33.0 353
2 - Chicago O'Hare AP / Chicago 32.0 33.6 35.4
3 - Springfield #2 / Springfield 32.9 34.6 36.6
4 - Belleville SIU RSCH / Belleville 33.5 35.0 36.4
5 - Carbondale Southern IL AP / Marion 34.6 36.2 37.7
hic = average enthalpy of indoor air, cooling season (Btu/lb)

= use the below table to determine the approximate indoor air enthalpy associated with an
indoor temperature setpoint in indoor relative humidity.

hic

Relative Humidity (%) 67 °F 72°F 77 °F

480 Note that Heating Days (HD) are calculated following the same approach outlined in the Cooling Days section.

481 Average enthalpies were estimated following ASHRAE guidelines for perfect gas relationships for dry air associated with
hourly TMY3 dataError! Reference source not found. Entha|pies were then averaged for all values associated with a dry-bulb outdoor air
temperature that exceeded the indoor air temperature setpoint. Other enthalpy values may be interpolated for indoor air
temperature setpoints not represented in the table. Note that while outdoor air enthalpies increase with higher temperature
setpoints, the change in enthalpy from indoor to outdoor will decrease.
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Relative Humidity (%) 67 °F

60 25.5 28.5 31.8
50 23.9 26.6 29.5
40 22.3 24.7 27.3

= an estimate 26.6 Btu/Ib associated with the 72 °F and 50% indoor relative humidity case can be
used as an approximation if no other data is available. For other indoor temperature setpoints
and RH, enthalpies may be interpolated.

The total airflow through the entryway, CFMtot, includes both infiltration due to wind as well as thermal forces, as
follows:

CFMhiot = sqrt[ (CFMw)? + (CFM{?) ]
Where:
CFMw = Infiltration due to the wind (cfm)

CFM: = Infiltration due to thermal forces (cfm)

The infiltration due to the wind is calculated as follows:
CFMw = (Vwe * Cwc)* Cv * Ag * (88 fpm/mph)
Where:
Vwe = average wind speed during the cooling season based on entryway orientation (mph)

= use the below table to for the wind speed effects based on climate zone and entryway
orientation82:

Entryway Orientation

Climate Zone -Weather Station /City E S
1 -Rockford AP / Rockford 4.2 4.1 4.7 4.8
2 - Chicago O'Hare AP / Chicago 4.7 4.5 5.4 4.6
3 - Springfield #2 / Springfield 4.1 3.7 6.0 5.0
4 - Belleville SIU RSCH / Belleville 3.3 2.7 3.8 4.2
5 - Carbondale Southern IL AP / Marion 3.1 2.9 4.4 3.8
Cuwc = wind speed correction factor due to wind direction in cooling season, (%)

= because wind direction is not constant, a wind speed correction factor is used to adjust for the
amount of time during the cooling season prevailing winds can be expected to impact the
entryway. Use the following table to determine the correct wind speed correction factor for
cooling applications.

Entryway Orientation

Climate Zone -Weather Station/City E \ S w
1 -Rockford AP / Rockford 0.18 0.13 0.30 0.31

482 Average wind speeds are calculated based on the TMY3 wind speed data. Because this data is collected at an altitude of 33
ft, wind speed is approximated for a 5 ft level based on ASHRAE Handbook guidelines using the urban/suburban parameters for
adjusting wind speed based on altitude (&= 1200, Bl = 0.22).

ASHRAE, “Airflow Around Buildings,” in 2013 ASHRAE Handbook — Fundamentals (2013): p 24.3

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 305 of 493



lllinois Statewide Technical Reference Manual- 4.4.33 Industrial Air Curtain

Entryway Orientation

Climate Zone -Weather Station/City E S W
2 - Chicago O'Hare AP / Chicago 0.18 0.17 0.36 0.26
3 - Springfield #2 / Springfield 0.17 0.12 0.46 0.21
4 - Belleville SIU RSCH / Belleville 0.21 0.15 0.35 0.16
5 - Carbondale Southern IL AP / Marion 0.18 0.15 0.37 0.11

Note that correction factors do not add up to 1 (100%). This is attributed to periods of calm winds.
Cv = effectiveness of openings,

= 0.3, assumes diagonal wind?°
Ad = area of the doorway (ft?)

= user defined

The infiltration due to thermal forces is calculated as follows:
CFM:  =Ad* Cdc * (60 sec/min) * sqrt[2 * g * H/2 * (Toc- Tic) / (459.7 + Toc)]
Where:
Cac = the discharge coefficient during the cooling season483
=0.4+0.0025 * |Tic — Toc|
=0.42, lllinois average at indoor air temp of 72°F

Note, values for Cqc show little variation due to balance point temperature, indoor air temperature, and
climate zone. As such, if estimating results, the lllinois average value may be used as a simplification.

g = acceleration due to gravity

=32.2 ft/sec?

H = the height of the entryway (ft)
= user input
Tic = Average indoor air temperature during cooling season

= User input, can assume indoor cooling temperature set-point
Toc = Average outdoor temp during cooling season (°F)

= the average outdoor temperature is dependent on the CD period and zone. As such, the
following table may be used for average outdoor temperature during the cooling period*84:

Climate Zone -
Weather Station/City

1 -Rockford AP / Rockford 72.9 76.0 79.2 82.5 85.5
2 - Chicago O'Hare AP / Chicago 72.9 76.0 79.4 82.8 85.5
3 - Springfield #2 / Springfield 73.7 76.7 79.9 83.4 86.4
4 - Belleville SIU RSCH / Belleville 74.9 77.7 81.0 84.3 86.9
5 - Carbondale Southern IL AP / Marion 75.1 77.7 80.9 84.7 87.4

483 ASHRAE, “Ventilation and Infiltration,” in 2013 ASHRAE Handbook — Fundamentals (2013): p 16.13

484 Based on binned data from TMY3 & adjusted bracketed thermostat setpoint temperatures. Interpolate other values as
needed.
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459.7 = conversion factor from °F to °R

= calculation requires absolute temperature for values not calculated as a difference of
temperatures.

Heat Transfer Through Open Entryway with Air Curtain (Cooling Season)
Qtac = Qube * (1 - E)

Where:
E = the effectiveness of the air curtain (%)

=0.60%85

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (AkWhcooling / (CD *24)) * CF
Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3%%8°
CFpsm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% 4

NATURAL GAS SAVINGS

Natural gas savings, Atherms, associated with reduced infiltration through an entryway during the heating season
are calculated by determining the difference between heat loss through the entryway before and after the
installation of the air curtain.

Atherms = (Quc - Qac) * topen *HD / N

Where:
Qbe = rate of sensible heat transfer through the open entryway, before air curtain (therm/hr)
Qac = rate of sensible heat transfer through the open entryway, after air curtain (therm/hr)
topen = average hours per day the door is open (hr/day)

= Actual or estimated user input value
HD = heating days per year, total days in year above balance point temperature (day)

= use table below to select an appropriate value?488;

485 Assumed conservative estimate based on referenced study results and ASHRAE 2004 effectiveness range of 60-80% for air
curtains. Jaramillo, Julian, et. Al. “Application of Air Curtains in Refrigerated Chambers,” International Refrigeration and Air-
Conditioning Conference, Purdue University e-Pubs (July 14-17, 2008):
http://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1972&context=iracc

ASHRAE, “Room Air Distribution Equipment,” in 2004 ASHRAE Handbook — HVAC Systems and Equipment (2004): p 17.8

486 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

487Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

488 Note that Heating Days (HD) are calculated following the same approach outlined in the Cooling Days section.
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Climate Zone -
Weather Station/City

1 -Rockford AP / Rockford 142 160 183 204 228

2 - Chicago O'Hare AP / Chicago 150 166 192 219 253

3 - Springfield #2 / Springfield 125 142 167 194 230

4 - Belleville SIU RSCH / Belleville 101 115 134 156 180

5 - Carbondale Southern IL AP / Marion 103 123 148 174 205
n = efficiency of heating equipment

= Actual. If unknown, assume 0.8
Heat Transfer Through Open Entryway without Air Curtain (Heating Season)
Qe = (1.08 Btu/(hr*°F*cfm)) * CFMot * (Tih — Ton) / (100,000 Btu/therm)
Where:
1.08 = sensible heat transfer coefficient (specific heat of air and unit conversions)
CFMiwot = Total air flow through entryway (cfm)
Tin = Average indoor air temperature during heating season
= User input, can assume indoor heating temperature set-point
Toh = Average outdoor temp during heating season (°F)

= use table below, based on binned data from TMY3 & balance point temperature

Avg Outdoor Air Temp - Heating Season

Climate Zone = 45°  50°F 55  60°F  65°F

Weather Station/City
1 -Rockford AP / Rockford 26.3 28.8 31.6 34.2 37.3
2 - Chicago O'Hare AP / Chicago 29.4 31.2 34.0 36.8 40.3
3 - Springfield #2 / Springfield 29.4 31.5 34.6 37.7 41.6
4 - Belleville SIU RSCH / Belleville 31.7 33.6 36.2 39.2 42.3
5- C'arbondale Southern ILAP / 325 34.9 378 40.7 44.0
Marion

The total airflow through the entryway, CFMtot, includes both infiltration due to wind as well as thermal forces, as
follows:

CFMot = sqrt[ (CFMw)? + (CFM¢?) ]
Where:
CFMw = Infiltration due to the wind (cfm)

CFM: = Infiltration due to thermal forces (cfm)

The infiltration due to the wind is calculated as follows:

CFMw = (vwh * Cwh)* Cv * Ag * (88 fpm/mph)
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Where:
Vwh = average wind speed during the heating season (mph)
= similar to cooling season wind speed assumptions, use the following table to determined
average wind speed based on entryway orientation:
Entryway Orientation
Climate Zone -Weather Station/ City E S \
1 -Rockford AP / Rockford 5.0 4.6 49 5.6
2 - Chicago O'Hare AP / Chicago 5.5 5.2 4.9 5.1
3 - Springfield #2 / Springfield 5.0 4.9 5.3 5.1
4 - Belleville SIU RSCH / Belleville 4.3 3.4 3.5 5.3
5 - Carbondale Southern IL AP / Marion 4.6 3.2 4.2 4.4
Cwh = wind speed correction factor due to wind direction in heating season, (%)

= because wind direction is not constant, a wind speed correction factor is used to adjust for the
amount of time during the heating season prevailing winds can be expected to impact the
entryway. Use the following table to determine the correct wind speed correction factor for the
heating applications.

Entryway Orientation

Climate Zone -Weather Station/ City N E S w \
1 -Rockford AP / Rockford 0.18 0.13 0.30 0.31
2 - Chicago O'Hare AP / Chicago 0.21 0.10 0.26 0.39
3 - Springfield #2 / Springfield 0.21 0.14 0.27 0.34
4 - Belleville SIU RSCH / Belleville 0.31 0.15 0.22 0.29
5 - Carbondale Southern IL AP / Marion 0.31 0.11 0.27 0.18

Note that correction factors do not add up to 1 (100%). This is attributed to periods of calm winds.
Cv = effectiveness of openings,
= 0.3, assumes diagonal wind?*
Ad = area of the doorway (ft2)

= user input

The infiltration due to thermal forces is calculated as follows:
CFM:  =Ad* Can * (60 sec/min) * sqrt[2 * g * H/2 * (Tin — Ton) / (459.7 + Tin)]
Where:
Cah = the discharge coefficient during the heating season
=0.4 +0.0025 * |Tih — Ton |
=0.49, lllinois average at indoor air temp of 72°F

Note, values for Can show little variation due to balance point temperature, indoor air temperature, and climate
zone. As such, if estimating results, the lllinois average value may be used as a simplification.

g = acceleration due to gravity
=32.2 ft/sec?
H = the height of the entryway (ft)
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= user defined

Heat Transfer Through Open Entryway without Air Curtain (Heating Season)
Qac = Qoc * (1-E)

Where:
E = the effectiveness of the air curtain (%)

=0.60%8°

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION

The air curtain would need to be regularly serviced and commissioned to ensure that it is appropriately operating.
This is estimated at a cost of $15049,

MEASURE CoDE: CI-MSC-AIRC-V01-160601

489 Assumed conservative estimate based on referenced study results and ASHRAE 2004 effectiveness range of 60-80% for air
curtains. Jaramillo, Julian, et. Al. “Application of Air Curtains in Refrigerated Chambers,” International Refrigeration and Air-
Conditioning Conference, Purdue University e-Pubs (July 14-17, 2008):
http://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1972&context=iracc

ASHRAE, “Room Air Distribution Equipment,” in 2004 ASHRAE Handbook — HVAC Systems and Equipment (2004): p 17.8

490 Assumes approximately 1 hour of maintenance (include cleaning out filters, greasing, and checking that the
designed angle of attack on the blower nozzle is at the designed position) based on manufacturer inpur and
product spec sheets.
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4.4.34 Destratification Fan

DESCRIPTION

This measure applies to buildings with high bay ceiling construction without fans currently installed for the
purpose of destratifying air. There is also a separate measure for destratification fans as applied to agricultural
settings (“High Volume Low Speed Fans”). All other destratification fan applications require custom analysis.

Air stratification leads to higher temperatures at the ceiling and lower temperatures at the ground. During the
heating season, destratification fans improve air temperature distribution in a space by circulating warmer air from
the ceiling back down to the floor level, thereby enhancing comfort and saving energy. Energy savings are realized
by a reduction of heat loss through the roof-deck and walls as a result of a smaller temperature differential
between indoor temperature and outdoor air.

Note that further, but limited, empirical evidence suggests that improved air mixing due to destratification would
also result in shorter heating system runtimes due to warmer air reaching the thermostat level sooner, and
possibly even allow a facility to lower the thermostat set point while maintaining a similar level of occupant
comfort. This is supported by measured data in which an increase in temperatures was observed at the thermostat
(5 foot level) level when air is destratified, resulting in an approximate temperature increase at the 5 foot level in
the range of 1 - 3°F4°1, This measure does not currently attempt to quantify the potential impacts of air mixing
from destratification; however, it should be noted that additional therms savings may be possible.

This measure was developed to be applicable to the following program types: NC, RF. If applied to other program
types, the measure savings should be verified.

Limitations
- For use in conditioned, high bay structures. Recommended minimum ceiling height of 20 ft.

- This measure should only be applied to spaces in which the ceiling is subject to heat loss to outdoor
air (i.e., single story or top floor spaces) and where there is sufficient space to allow for appropriate
spacing of the fans. Other applications require custom analysis.

- Installation must follow manufacturer recommendations sufficient to effectively destratify the entire
space. Please see calculation of effective area, Aefr, in the therms savings algorithm as a check if this
criteria is met. Otherwise, custom calculation is necessary.

- Measure does not currently support facilities with night setbacks on heating equipment. Custom
analysis is needed in this case.

- Certain heating systems may not be a good fit for destratification fans, such as locations with: high
velocity vertical throw unit heaters, radiant heaters, and centralized forced air systems. In these
cases, measured evidence of stratification should be confirmed and custom analysis may be
necessary.

DEFINITION OF EFFICIENT EQUIPMENT

High Volume, Low Speed (HVLS) fans with a minimum diameter of 14 ft with Variable Speed Drive (VSD)
installed92,

Note that bell-shaped fans are currently excluded from this measure due to limited validation of the technology
available. Further verification of effectiveness compared to HVLS is needed. A manufacturer of bell shaped fans
indicates that four bell-shaped fans provide an equivalent effective area as a typical HVLS fan. However, there is a
need for further review of bell shaped fan field test data supporting manufacturer claims regarding comparable

491 Kosar, Doug, “1026: Destratification Fans — Public Project Report,” Nicor Gas, Emerging Technology Program (Oct 2014): 16
492 Kosar, Doug, “1026: Destratification Fans — Public Project Report,” Nicor Gas, Emerging Technology Program (Oct 2014): 16
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effectiveness to HVLS technologies.

DEFINITION OF BASELINE EQUIPMENT

No destratification fans or other means to effectively mix indoor air.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years*93

DEEMED MEASURE COST

Measure cost = [incremental cost of HVLS fans] + [installation costs (including materials and labor)]

The incremental capital cost for HVLS fans are as follows*%4:

Fan Diameter Incremental

(ft) Cost

14 $6,600
16 $6,650
18 $6,700
20 $6,750
22 $6,800
24 $6,850

Since installation cost is depended on a variety of factors, this is a custom entry. Actual costs should be used.
LOADSHAPE

Loadshape C04: Commercial Electric Heating.

COINCIDENCE FACTOR

N/A due to no savings attributable to cooling during the summer peak period.

Algorithm

CALCULATION OF SAVINGS

The following formulas provide a methodology for estimating heating load savings associated with destratification
fan use. This algorithm is based on the assumption that savings are directly related to the difference in heat loss
through the envelope before and after destratification.

ELECTRIC ENERGY SAVINGS

The algorithm for this measure was developed for natural gas heating applications, however, for electric heating

433 Consistent with both 2008 Database for Energy-Efficient Resources, EUL/RUL (Effective/Remaining Useful Life) Values,
October 10, 2008 and GDS Associates, Inc, “Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures,” New England Stat Program Working Group (June 2007), p30.

494 Costs were obtained from manufacturer interviews and are based off of average or typical prices for base model HVLS fans.
Costs include materials and labor to install the fans and tie fans into an existing electrical supply located near the fan.
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applications, the same methodology presented in the Natural Gas Savings Section may be used with the standard
conversion factor from therms to kWh of 29.31 kWh/therm and an equipment efficiency as follows:

n (Effective COP

Age of HSPF .
System Type ) ! Estimate)
Equipment Estimate
(HSPF/3.413)

Before 2006 6.8 2.0
Heat Pump 2006 - 2014 7.7 23

2015 on 8.2 2.40
Resistance N/A N/A 1

Regardless of how the building is heated, the energy consumption of the fans must be accounted for. If the
building is electrically heated, fan energy shall be subtracted from the savings as calculated above. If the building is
heated with natural gas, this shall represent an electric penalty, i.e., an increase in consumption. This is calculated
as follows:

AkWh = - (Wran * Nfan) * tefr
Wran =fan input power (kW)
Nfan = number of fans
Teff = effective annual operation time, based on balance point temperature (hr)

= see table below in Natural Gas Savings section for further detail
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

ATherms = [(AQr + AQuw) * terr] / (100,000 * n)
Where:
AQr = the heat loss reduction through the roof due to the destratification fan (Btu/hr)
= See calculation section below
AQw = the heat loss reduction through the exterior walls due to destratification fan (Btu/hr)
= See calculation section below
tetf = effective annual operation time, based on balance point temperature (hr)

= use table below to select an appropriate value49:

Climate Zone -

Weather Station/City

1 -Rockford AP / Rockford 3810 4226 4880 5571 6436
2 - Chicago O'Hare AP / Chicago 3593 3986 4603 5254 6070

495 These were calculated at various base temperatures using TMY3 data and adjusted to make consistent with the 30 year
normal data used elsewhere. For more information see ‘Destratification Fan Workpaper’; Robert Irmiger, Gas Technology
Institute, 9/6/2015.
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Climate Zone -

Weather Station/City

3 - Springfield #2 / Springfield 3038 3370 3891 4442 5131
4 - Belleville SIU RSCH / Belleville 2243 2488 2873 3280 3789
5 - Carbondale Southern IL AP / Marion 2271 2519 2909 3320 3836

100,000 = conversion factor (1 therm = 100,000 Btu)
n =thermal efficiency of heating equipment

= Actual. If unknown assume 0.8.

EXAMPLE:

For a warehouse facility located in Rockford, IL, installing destratification fans could reduce heat loss
through the roof of 95,000 Btu/hr and a reduced heat loss through the wall of 51,2282 Btu/hr. Assuming a
balance point of 55°F the therms savings for the facility would be estimated as:
ATherms = [(AQr + AQw) * tefr] / (100,000 * n)
=[(95,000 Btu/hr + 51,282 Btu/hr) * 4880 hr] / [(100,000 Btu/therm) * 0.8)]
= 8,923 therms

Heat loss reduction through the roof
AQr = Qs — Qrd
= (1/Re) * Ar* [(Trs — Toa) — (Tr,d — Toa)]
(1/Rr) * Ar * (Trs — Tra)

Where:
Qr,s = roof heat loss for stratified space
Qrd = roof heat loss for destratified space
Rr = overall thermal resistance through the roof (hr * ft * °F / Btu)

= Actual or estimated based on construction type. If unknown, assume the following:

Thermal Resistance New

Factor (R-Factor) for Retrofit*%® Construction®®’
Roof (2010 or newer)

R, 10.0 20.0
(hr * ft2 * °F / Btu) (hr * ft2 * °F / Btu)

4% ANSI/ASHRAE/IESNA 100-1995, “Energy Conservation in Existing Buildings,” ASHRAE Standard (1995). Additionally,
professional judgement was used to address older vintage structure prior to adoption of the 1995 standard and an estimate of
50% of current code standard was used.

497 ANSI/ASHRAE/IESNA Standard 90.1-2007, “Energy Standard for Buildings Except Low-Rise Residential Buildings,” ASHRAE
Standard (2007): Table 5.5-4 and Table 5.5-5
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Ar = roof area (ft?)
= user input
= can be approximated with floor area

Toa = outside air temperature, note: therm savings calculations are actually independent of
outside air because this term drops out of the heat loss reduction equation

Trs = indoor temperature at roof deck, stratified case (°F)

= Actual. If unknown, use the following equation

=ms * hr + Tis

hr = ceiling height/roof deck (ft)

ms = estimated heat gain per foot elevation, stratified case (°F/ft)
= 0.8 °F/ft

Professional judgement used to define value based on result from a Nicor Gas ETP
Pilot field testing results and the Ansley article*9849, Estimates from these sources fall
on the conservative side of the industry rule of thumb range of 1-2 °F/ft heat gain.

Tts = estimated floor temperature, stratified case (°F)

= Tistat — Ms * histat

= Tistat — 4 °F
Tistat = temperature set point at the thermostat
htstat = vertical distance between the floor and the thermostat, assumed 5ft
Trd = indoor temp at roof, destratified case

= actual value, or may be estimated using the following:500:501

= Tistat + 1 °F

498 Kosar, Doug, “1026: Destratification Fans — Public Project Report,” Nicor Gas, Emerging Technology Program (Oct 2014): 10-
11. Field testing results indicated approximately 0.6 oF/ft for a garden center.

49 Aynsley, Richard, “Saving Heating Costs in Warehouses,” ASHRAE Journal (Dec 2005): 48. Identifies a 0.8 oF/ft gain.

50012,  Kosar, Doug, “1026: Destratification Fans — Public Project Report,” Nicor Gas, Emerging Technology Program (Oct
2014): 10-11. Field testing results indicated approximately 0.6 oF/ft for a garden center.

50113, Aynsley, Richard, “Saving Heating Costs in Warehouses,” ASHRAE Journal (Dec 2005): 48.
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EXAMPLE:

For a 50,000 ft> warehouse built in 1997 with 30 ft ceilings and a thermostat set point of 65 °F. No
further measured values available.
AQr = (1/Re) * Ar * (Tr,s — Tra) = (1/Rr) * Ar * [(Ms * hr + Tistat — 4 °F) — (Tistat + 1 °F)]
=(1/Rr) * Ar * [(0.8°F/ft * h;) — 5 °F]
=1/(10 hr * ft2 * °F / Btu) * (50,000 ft?) * [(0.8°F/ft * 30 ft) — 5 °F]
= 95,000 Btu/hr

Heat loss reduction through exterior walls

Note: a conservative estimate for therms savings would neglect the impact of heat loss through the walls.
However, Ansley suggests that estimates based on the roof deck losses alone underestimate actual savings by up
to 46%.502

AQ_w  =Qws—Quwd
= (1/Rw) * Aw * (Tw,s — Tw,q)
Where:
Rw = overall thermal resistance through the exterior walls (hr * ft2* °F / Btu)

= Actual or estimated based on construction type®%3. If unknown, assume the following

Thermal Resistance New
Factor (R-Factor) for Retrofit04 Constructions%
WEL (2010 or newer)
6.5 13.0
Rw (hr * f2*°F /Btu) | (hr* ft2 * °F / Btu)
Aw = area of exterior walls (ft?)
= user input
Tw,s = average indoor air temperature for wall heat loss, stratified case

502 Aynsley, Richard, “Saving Heating Costs in Warehouses,” ASHRAE Journal (Dec 2005): 51

503 Because heat loss through the walls is estimated using the average space temperature pre- and post- destratification. There
are a number of factors that can impact the average space temperature causing deviations from estimates of many degrees in
some cases. As such, it is recommended that a conservative value for the thermal resistance through the walls, Ry, be used. A
recommended method for determining Ry would be to use the highest R-value for the wall space, neglecting lower R-values
associated with windows, thermal bridges, etc.

S04ANSI/ASHRAE/IESNA 100-1995, “Energy Conservation in Existing Buildings,” ASHRAE Standard (1995). Additionally,
professional judgement was used to address older vintage structure prior to adoption of the 1995 standard and an estimate of
50% of current code standard was used.

S05ANSI/ASHRAE/IESNA Standard 90.1-2007, “Energy Standard for Buildings Except Low-Rise Residential Buildings,” ASHRAE
Standard (2007): Table 5.5-4 and Table 5.5-5
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= If actual Tr,s measurement is available5%
=[(Tr,s * ha) + (Testat * ho)] / hr
ha = vertical distance between the heat source and the ceiling
hy = vertical distance between the floor and the heat source
= Otherwise, use the linear stratification equation at average space height, see definition above.
=ms * (hr/ 2) + Tis
=ms* (hr/ 2) + (Tistat — 4)
Tw,d = average indoor air temperature for wall heat loss, destratified case
=Tistat + 0.5

= conservative estimate using engineering judgment based on the same assumption used for T+
estimate.

EXAMPLE:
For a 50,000 ft?> warehouse built in 1997 with 30 ft ceilings and a thermostat set point of 65 °F and a measured
temperature at the ceiling of 85 °F and unit heaters located 10 feet from the roof:
AQw = (1/Rw) * Aw * (Tw,s — Tw,d)
= (1/Rw) * Aw W* [([(Tr,s * ha) + (Testat * ho)] / hr) = (Testat + 0.5 °F)]
=1/(6.5 hr*ft**°F/Btu) * (50,000ft?) * [([(85°F * 10ft) + (65 °F * 20ft)] / 30ft) — (65 + 0.5 °F)]
= 1/(6.5 hr*ft?*°F/Btu) * (50,000ft?) * (71.7 °F — 65.5 °F)
=51,282 Btu/hr

Measure eligibility check

Use the following algorithm to verify a fan system is sufficiently sized to destratify air across the entire
area.

Effective area, Aerf, is the area over which a fan or a group of fans can be expected to effectively destratify
a space. If Aefr is less than the roof area, A, a custom analysis approach should be followed to account for
the change in the effectiveness of the system. In lieu of more detailed studies, effective area is defined
based on the measured results from an Enbridge Gas field study in which the area a fan was expected to
effectively destratify was equal to 5 times the fan diameter®7, Effective area, is calculated as follows:

Actf = [t * (5*Dtan)?) / 4] * Nan
=6.25 * 10 * Dfan® * Nfan
Where:
Aet = the effective area fan area on the floor (ft?)

Dfan = fan diameter

506 Aynsley, Richard, “Saving Heating Costs in Warehouses,” ASHRAE Journal (Dec 2005): 48
507 Enbridge Gas Distribution, Inc., “Big Fans Deliver Big Bonus,” (Aug 2007)
https://www.enbridgegas.com/businesses/assets/docs/hunter_douglas_case_study.pdf. Additionally, multiple utilities have
adopted this definition in their programs in including Enbridge Gas and Consumers Energy.
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Nfan =the number of fans

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-DSFN-V01-160601
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4.4.35 Economizer Repair and Optimization

DESCRIPTION

Economizers are designed to use unconditioned outside air (OSA) instead of mechanical cooling to provide cooling
when exterior conditions permit. When the OSA temperature is less than the changeover temperature
(determined by a static setpoint or a reference return air sensor) up to 100% OSA is supplied to help meet the
facility’s cooling needs, thus reducing mechanical cooling energy and saving energy. An economizer that is not
working or is not properly adjusted can waste energy and cause comfort issues. This HVAC Economizer
Optimization measure involves the repair and optimization of common economizer problems such as adjusting
changeover setpoint, repairing damper motors & linkages and replacing non-working sensors and/or controllers.
These repairs and adjustments result in proper operation which maximizes both occupant comfort and energy
savings.

This measure is only appropriate for single zone packaged rooftop units. Custom calculations are required for
savings for multi-zone systems.

In general the HVAC Economizer Optimization measure may involve both repair and/or optimization;

Economizer Repair — The Economizer repair work is preformed to ensure that the existing economizer is working
properly. This allows the system to take advantage of free cooling and ensure that the system is not supplying an
excess amount of outside air (OSA) during non-economizing periods.

e Replace Damper Motor — If the existing damper motor is not operational, the unit will be replaced with a
functioning motor to allow proper damper modulation.

o  Repair Damper linkage — If the existing linkage is broken or not adjusted properly, the unit will be
replaced or adjusted to allow proper damper modulation.

e Repair Economizer Wiring — If the existing economizer is not operational due to a wiring issue, the issue
will be repaired to allow proper economizer operation.

o Reduce Over Ventilation — If the unit is supplying excess OSA, the OSA damper position will be adjusted
to meet minimum ventilation requirements.

e Economizer Sensor Replacement — If the unit is equipped with a nonadjustable dry bulb (i.e. snapdisk) or
malfunctioning analog sensor, the sensor is replaced with a new selectable sensor.

o Economizer Control Replacement — If the existing economizer controller is not operational, the unit will
be replaced or upgraded to allow for proper economizer operation.

Economizer Optimization- The economizer optimization work is preformed to ensure that the existing economizer
system is set up properly to maximize use of free cooling for units located in a particular climate zone.

e Economizer Changeover Setpoint Adjustment — If the unit is equipped with a fully operational
economizer, the controller is adjusted to the appropriate changeover setpoint based on ASHRAE 90.1
(Figure 1 - Table 6.5.1.1.3 High-Limit Shutoff Control Settings for Air Economizers) for the corresponding
climate zone.

e Enable Integrated Operation — If the unit is equipped with a fully operational economizer and is not set
up to allow a minimum of two stages of cooling (1 stage — Economizer Only & 2" Stage — Economizer &
Mechanical cooling), the unit will be wired to allow two stage cooling

This measure was developed to be applicable to the following program types: RF, DI.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment condition is defined by fully functional economizer that is programmed to meet ASHRAE
90.1 economizer changeover setpoint requirements for the facility’s climate zone and changeover control type
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(Figure 1 - Table 6.5.1.1.3 High-Limit Shutoff Control Settings for Air Economizers)5%8,
Figure 1 — Baseline ASHRAE High-Limit Shutoff Control Settings

TABLE 6.5.1.1.3 High-LImIt Shutoff Control Settings for Alr Economizers®

Allowed Only in Climate Zone Required High-Limit Setpoints (Economizer Off When):

Control Type

at Listed Setpoint Equation Description

Ib, 2b, 3b, 3c, 4b. 4c, 5b, 5c, 6b, 7,8 Ty = 75°F Outdoor air temperature exceeds 75°F
Fixed dry-bulb Sa, ba Tpq = T0°F Outdoor air temperature exceeds T0°F
temperature

la, 2a, 3a, 4a. Tog = 65°F Outdoor air temperature exceeds 65°F
Differential dry-bulb Ib, 2b, 3b, 3c, 4b, 4c, 5a, 5b, ¢, 6a, T T Outdoor air temperature exceeds
temperature 6b, 7,8 047 R4 retumn air temperature
Fixed enthalpy with hog =28 Brulb®  Outdoor air enthalpy exceeds 28 Btw/lb® of dry air®
fixed dry-bulb All h

of Ty = 75°F or outdoor air temperature exceeds 75°F
temperature
E:ge;c:;aéelt:’ﬂ:y All hoy = hpy Outdoor air enthalpy exceeds return air enthalpy or
i : or Ty = 75°F outdoor air temperature exceeds 75°F

temperature

. Ataltitudes substantially differcnt than sea level, the fixed enthalpy limit shall be set to the enthalpy value at 75°F and 50% RH. As an example, at approximately 6000 f elevation,
the fixed enthalpy Timit is approximately 30.7 Buylh.
b. Devices with selectable rather than adjustable setpoints shall be capable of being set to within 2°F and 2 Biw/Tb of the setpoint listed.

Figure 2 — ASHRAE Climate Zone Map

NORMATIVE APPENDIX B
CLIMATE ZONES FOR U.S. STATES AND COUNTIES

This normative appendix provides the climate zones for U.S. states and counties. Figure B-1 contains the county-level climate zone map for the United States. Table B-1 lists
each state and major counties within the state and shows the climate number and letter for each county listed.

0 Dry (B) : Moist(A) ——— 5
Marine (C)

© ASHRAE

A Extromely Hot Humid | Zon 4B Mixad Dry

o Zon i o
B Zone 7 Very Cold
B Zone 8 Subarcticiarec

Zone $A Mixed Humia

FIGURE B-1 Climate zones for United States counties.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is an existing economizer installed on a packaged single zone rooftop HVAC unit. The
existing economizer system is currently not operating as designed due to mechanical and/or control problems,
and/or is not optimally adjusted.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 5 years%°,

DEEMED MEASURE COST

The cost for this measure can vary considerably depending upon the existing condition of the economizer and the

508 ASHRAE, Standard 90.1-2013 - https://www.ashrae.org/resources--publications/bookstore/standard-90-1
509 California Public Utilities Commission, DEER 2014 EUL Table D08 v2.05

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 320 of 493


http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlsx

Illinois Statewide Technical Reference Manual- 4.4.35 Economizer Repair and Optimization

work required to achieve the required efficiency levels. Measure cost should be determined on a site-specific
basis.

LOADSHAPE
Loadshape C03 - Commercial Cooling
COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

The savings calculation methodology uses a regression equation to calculate the energy savings for a variety of
common situations®10,

ELECTRIC ENERGY SAVINGS
AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)
The following equations are used to calculate baseline and proposed electric energy use®11,

Electric Energy Use Equations (kWh / ton)

Building Type Changeover Type Equation
Fixed Dry-Bulb (DB) cz+CSP*-2.021+EL*-16.362+0ANn*1.665+0Ax*-3.13
Dual Temperature Dry-Bulb (DTDB) cz+EL*-11.5+0ANn*1.635+0Ax*-2.817
Assembly Dual Temperature Enthalpy (DTEnth) | cz+EL*-17.772+0OAn*1.853+0Ax*-3.044
Fixed Enthalpy (Enth) cz+CSP*-5.228+EL*-17.475+0An*1.765+0Ax*-3.003
Analog ABCD Economizers (ABCD) cz+CSP*-2.234+EL*-16.394+0An*1.744+0Ax*-3.01
DB cz+CSP*-2.021+EL*-16.362+0An*1.665+0Ax*-3.13
. DTDB cz+EL*-11.5+0OAn*1.635+0Ax*-2.817
Convenience DTEnth cz+EL*-17.772+0OAn*1.853+0Ax*-3.044
Store Enth cz+CSP*-5.228+EL*-17.475+0An*1.765+0Ax*-3.003
ABCD cz+CSP*-2.234+EL*-16.394+0An*1.744+0Ax*-3.01
DB cz+CSP*-3.982+EL*-27.508+0ANn*2.486+0Ax*-4.684
. DTDB cz+EL*-20.798+0An*2.365+0Ax*-3.773
Office - Low DTEnth cz+EL*-30.655+0An*2.938+0Ax*-4.461
Rise Enth cz+CSP*-8.648+EL*-25.678+0An*2.092+0Ax*-3.754
ABCD cz+CSP*-3.64+EL*-24.927+0An*2.09+0Ax*-3.788
DB cz+CSP*-0.967+EL*-6.327+0An*2.87+0Ax*-1.047
Religious DTDB 2+OAN*2.968+0AX*-0.943
Facility DTEnth cz+EL*-9.799+0An*3.106+OAx*-1.085

510 For more information on methodology, please refer to workpaper submitted by CLEAResult titled “CLEAResult_Economizer
Repair_151020_Finalv2.doc”. Note that the original ComEd eQuest models were used in the analysis, rather than the VEIC
developed models used elsewhere. VEIC do not consider this a significant issue as adjustments from the ComEd models were
focused on calibrating EFLH values, not to overall energy use metrics. We also believe using the ComEd models is likely more
conservative. It may be appropriate to update the analysis with the updated models at a later time.

511 This approach allows the savings estimate to account for the operational attributes of the baseline as well as the proposed
case, yielding a better estimate than an approach that assumes a particular baseline or proposed energy use to determine
savings.
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Building Type Changeover Type Equation
Enth cz+CSP*-2.773+EL*-7.392+0An*2.941+0Ax*-0.974
ABCD cz+CSP*-1.234+EL*-7.229+0An*2.936+0Ax*-0.995
DB cz+CSP*-1.131+0ANn*3.542+0Ax*-1.01
DTDB cz+EL*-10.198+0ANn*4.056+0Ax*-1.279
Restaurant DTEnth cz+OANn*3.775+0Ax*-1.031
Enth cz+CSP*-2.13+0An*3.317+0Ax*-0.629
ABCD cz+CSP*-0.95+0An*3.313+0Ax*-0.647
DB cz+CSP*-2.243+EL*-21.523+0Ax*-1.909
Retail - DTDB cz+EL*-14.427+0ANn*0.295+0Ax*-1.451
Department DTEnth cz+EL*-25.99+0An*0.852+0Ax*-1.951
Store Enth cz+CSP*-4.962+EL*-16.868+0An*-0.12+0Ax*-1.418
ABCD cz+CSP*-2.115+EL*-16.15+0OAn*-0.125+0Ax*-1.432
DB cz+CSP*-1.003+0ANn*3.765+0Ax*-0.938
DTDB cz+OANn*3.688+0Ax*-0.676
Retail - Strip DTEnth c2+OAN*4.081+0AX*-1.072
Mall Enth cz+CSP*-2.545+0An*3.725+0Ax*-0.788
ABCD cz+CSP*-1.175+0An*3.708+0Ax*-0.809
Where:
cz = Climate Zone Coefficient

= Depends on Building Type and Changover Type (see table below)

Electric Climate Zone Coefficients

oy Changeover Ccz1 Cz2 Cz3 Cz4 (o743
Building Type ] o . !

Type (Rockford) (Chicago) (Springfield) (Belleville) (Marion)

DB 874.07 886.73 1043.38 1071.48 1072.20

DTDB 698.45 711.89 870.13 899.51 903.10

Assembly DTEnth 702.06 715.42 873.43 902.76 906.50

Enth 851.95 865.43 1020.65 1047.10 1053.32

ABCD 884.19 897.63 1053.12 1080.58 1086.35

DB 1739.12 1787.09 2128.78 2206.65 2245.93

DTDB 1389.28 1436.30 1780.99 1863.45 1904.89

Convenience Store DTEnth 1398.42 1446.82 1789.71 1869.89 1912.59

Enth 1643.51 1691.34 2032.83 2112.21 2157.63

ABCD 1692.80 1740.62 2082.35 2162.73 2207.68

DB 674.06 687.17 899.17 993.84 989.16

DTDB 583.62 597.02 811.39 907.61 903.58

Office - Low Rise DTEnth 588.94 602.11 816.02 912.49 908.26

Enth 668.83 682.23 893.61 987.52 986.59

ABCD 690.27 703.52 915.27 1009.94 1008.59

DB 613.26 630.50 853.53 923.99 931.74

DTDB 518.40 535.45 760.76 832.57 840.72

Religious Facility DTEnth 513.59 531.20 756.26 829.13 837.26

Enth 576.94 594.17 817.64 888.37 897.18

ABCD 593.78 611.04 834.69 905.83 914.27

Restaurant DB 1397.27 1430.45 1763.21 1837.63 1872.18
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Electric Climate Zone Coefficients

Building Type Changeover cz1 (.:ZZ _CZ3. CZ4_ CZ.5
Type (Rockford) (Chicago) (Springfield) (Belleville) (Marion)
DTDB 1191.82 1225.12 1558.32 1633.95 1669.13
DTEnth 1192.84 1226.77 1559.41 1635.13 1671.11
Enth 1343.56 1377.52 1710.11 1783.66 1821.67
ABCD 1373.72 1407.70 1740.43 1814.74 1852.55
DB 717.89 730.07 968.85 1034.78 1035.06
DTDB 628.83 641.70 883.37 951.09 951.33
Retail - Department DTEnth 629.35 641.90 882.84 951.33 951.44
Store Enth 705.06 717.99 956.42 102057 | 1024.45
ABCD 728.60 741.47 980.19 1045.30 1048.57
DB 800.69 818.68 1070.39 1129.87 1133.84
DTDB 692.97 711.31 965.63 1026.68 1030.41
Retail - Strip Mall DTEnth 698.12 716.34 970.06 1031.78 1035.72
Enth 784.54 803.35 1054.37 1112.72 1120.74
ABCD 810.10 828.86 1080.11 1139.39 1146.95
csp = Economizer Changeover Setpoint (°F or Btu/Ib) (actual in ranges below)
Economizer Control Type \ Economizer Changeover Setpoint
Dry-Bulb 60°F - 80°F
Dual Temperature Dry-Bulb 0°F -5°F delta
Dual Temperature Enthalpy 0 Btu/Ib -5 Btu/lb delta
Enthalpy 18 Btu/Ib — 28 Btu/Ib
A 73°F
Analog ABCD B 70°F
Economizers ¢ 67°F
D 63°F
E 55°F
EL = Integrated Economizer Operation (Economizer Lockout)

=0 for Economizer w/ Integrated Operation (Two Stage Cooling)

=1 for Economizer w/ out Integrated Operation fan that runs intermittently (One Stage Cooling)
Oan = Minimum Outside Air (% OSA)>%12

= Actual. Must be between 15% -70%. If unknown assume

Functional Economizer —30%

Non functional Economizer (Damper failed closed) — 15%

Non functional Economizer (Damper failed open) - 30% (Assume Minimum Ventilation
(Three Fingers)313)

Oax = Maximum Outside Air (%)’
= Actual. Must be between 15% -70%. If unknown assume

Functional Economizer — 70%

512 DNV GL, “HVAC Impact Evaluation Final Report WO32 HVAC — Volume 1: Report,” California Public Utilities Commission,
Energy Division, HVAC Commercial Quality Maintenance (CQM) (1/28/14)
513 Technician rule of thumb taken from CPUC ‘HVAC Impact Evaluation Final Report’, W0O32, 28Jan 2015, p18.
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Non functional Economizer (Damper failed closed) — 15%
Non functional Economizer (Damper failed open) — 30% (Assume Minimum Ventilation
(Three Fingers))

EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is heated and cooled with a packaged Gas (92 kBtu
output) / DX (5 Ton) RTU. The RTU is equipped with a fixed dry-bulb outside air economizer and is programed
for integrated operation. When the technician inspects the RTU they find that the changeover setpoint is
programmed to 62°F, which does not meet ASHRAE economizer high limit shut off air economizer
recommendations. After further investigation it is found that the OSA damper motor is not operational and is
providing 30% outside air.

The technician replaces the damper motor and allow for proper OSA damper modulation (30% Min OSA & 70%
Max OSA). They also adjust the fixed dry-bulb changeover setpoint to meet the ASHRAE economizer high limit
shut off air economizer recommendation of 70°F.

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

Baseline Energy Use (kWh/Ton) = Equation for Office Low Rise
= cz+CSP*-0.967+EL*-6.327+0An*2.87+0Ax*-1.047
=674.06+62*-0.967+0*%-6.327+30%2.87+30*-1.047

=668.8 kWh/Ton

Proposed Energy Use (kWh/Ton) = Equation for Office Low Rise
= cz+CSP*-0.967+EL*-6.327+0ANn*2.87+0Ax*-1.047
=674.06+70*-0.967+0%-6.327+ 30*2.87+70*-1.047

=619.2 kWh/Ton

AkWh  =[668.8 (kWh/Ton) —619.2 (kWh/Ton)] * 5 Tons
=49.6 kWh/Ton * 5 Tons
=248.08 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A - It is assumed that repair or optimization of the economizer will not typically have a significant impact
summer peak demand.

NATURAL GAS SAVINGS

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use (Therms/kBtuh)] * Output
Heating Capacity (kBtuh)

The following equations are used to calculate baseline and proposed electric energy use.

Natural Gas Energy Use Equations (therms / kbtu output)

Building Type Changeover Type Equation
Fixed Dry-Bulb (DB) cz+0OAn*0.0853

Assembl
Y Dual Temperature Dry-Bulb (DTDB) cz+0OAn*0.0866
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Building Type ‘ Changeover Type Equation
Dual Temperature Enthalpy (DTEnth) | cz+OAn*0.0866
Fixed Enthalpy (Enth) cz+0OAn*0.0855
Analog ABCD Economizers (ABCD) cz+0An*0.0855
DB cz+OAn*0.26
DTDB cz+OAn*0.263
Convenience Store DTEnth cz+0OANn*0.263
Enth cz+OANn*0.261
ABCD cz+OAn*0.261
DB cz+OAn*0.3
DTDB cz+OAn*0.301
Office - Low Rise DTEnth cz+OAn*0.301
Enth cz+OAn*0.3
ABCD cz+OAn*0.3
DB cz+OANn*0.35
DTDB cz+OAn*0.348
Religious Facility DTEnth cz+0OANn*0.348
Enth cz+0OANn*0.349
ABCD cz+OAn*0.349
DB cz+OAn*0.0867
cz+OAx*-
DTDB 0.038+0An*0Ax*0.00149
Restaurant cz+OAx*-
DTEnth 0.038+0AN*0AX*0.00149
Enth cz+OANn*0.0878
ABCD cz+OAn*0.0878
DB cz+OAn*0.319
DTDB cz+OANn*0.318
Retail - Department DTEnth ZtOAN*0.318
>tore Enth cz+OAn*0.318
ABCD cz+OAn*0.318
DB cz+OAn*0.215
DTDB cz+OANn*0.216
Retail - Strip Mall DTEnth cz+OAn*0.216
Enth cz+OAn*0.215
ABCD cz+OAn*0.215
Where:
cz = Climate Zone Coefficient

= Depends on Building Type and Changover Type (see table below)

Natural Gas Climate Zone Coefficients
cz1 Cz2 Ccz3 Cz4 (0743
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Changeover

Building Type Type

DB -0.03 -0.55 -1.06 -1.28 2171

DTDB -0.02 -0.57 111 134 1.79

Assembly DTEnth -0.02 057 111 134 1.79
Enth 20.03 20.55 1.06 129 172
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Natural Gas Climate Zone Coefficients

oy Changeover cz1 Cz2 Cz3 Cz4 (o743
Building Type . - . o

Type (Rockford) (Chicago) (Springfield) (Belleville) (Marion)

ABCD -0.03 -0.55 -1.06 -1.29 -1.72

DB 2.95 0.50 -1.48 -2.96 -5.56

DTDB 3.06 0.52 -1.56 -3.11 -5.81

Convenience Store DTEnth 3.06 0.52 -1.56 -3.11 -5.81

Enth 2.96 0.50 -1.49 -2.98 -5.59

ABCD 2.96 0.50 -1.49 -2.98 -5.59

DB 5.83 3.02 0.46 -0.92 -4.13

DTDB 5.98 3.08 0.41 -1.03 -4.36

Office - Low Rise DTEnth 5.98 3.08 0.41 -1.03 -4.36

Enth 5.85 3.03 0.46 -0.93 -4.16

ABCD 5.85 3.03 0.46 -0.93 -4.16

DB 9.23 6.71 3.75 2.40 -0.80

DTDB 9.41 6.83 3.77 2.39 -0.86

Religious Facility DTEnth 9.41 6.83 3.77 2.39 -0.86

Enth 9.25 6.73 3.75 2.40 -0.80

ABCD 9.25 6.73 3.75 2.40 -0.80

DB 8.30 6.54 4.94 4.00 1.95

DTDB 10.51 8.71 7.07 6.10 4.00

Restaurant DTEnth 10.51 8.71 7.07 6.10 4.00

Enth 8.28 6.51 491 3.96 1.90

ABCD 8.28 6.51 491 3.96 1.90

DB 8.20 5.86 3.19 1.25 -2.59

. DTDB 8.35 5.94 3.18 1.18 -2.75

Retail - Department DTEnth 8.35 5.94 3.18 1.18 2.75

Store Enth 8.21 5.87 3.18 1.24 -2.61

ABCD 8.21 5.87 3.18 1.24 -2.61

DB 6.40 4.35 2.07 0.49 -2.18

DTDB 6.51 4.38 2.03 0.39 -2.34

Retail - Strip Mall DTEnth 6.51 4.38 2.03 0.39 -2.34

Enth 6.41 4.35 2.06 0.48 -2.20

ABCD 6.41 4.35 2.06 0.48 -2.20
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EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is heated and cooled with a packaged Gas (92 kBtu output) /
DX (5 Ton) RTU. The RTU is equipped with a fixed dry-bulb outside air economizer and is programed for integrated
operation. When the technician inspects the RTU they find that the changeover setpoint is programmed to 62°F,
which does not meet ASHRAE economizer high limit shut off air economizer recommendations. After further
investigation it is found the OSA damper motor is not operational and is providing 30% outside air.

The technician replaces the damper motor and allow for proper OSA damper modulation (30% Min OSA & 70% Max
OSA). They also adjust the fixed dry-bulb changeover setpoint to meet the ASHRAE economizer high limit shut off
air economizer recommendation of 70°F.

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] * Output Heating Capacity
(kBtuh)

Baseline Energy Use (Therms/kBtuh) = Equation for Office Low Rise
=cz+OAn*0.3
=5.83+30*.3
=14.8 Therms/kBtuh output

Proposed Energy Use (Therms/kBtuh) = Equation for Office Low Rise
= cz+OAn*0.3
=5.83+30*.3
=14.8 Therms/kBtuh output

ATherms = [14.8(Therms/kBtuh output) — 14.8 (Therms/kBtuh output)] * 92kBtuh output
= 0.0 (Therms/kBtuh output) * 92kBtuh output
=0 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-HVC-ECRP-V01-160601
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4.4.36 Multi-Family Space Heating Steam Boiler Averaging Controls
DESCRIPTION

This measure covers multi-family space heating boiler averaging controls. Temperature sensors are placed in
interior spaces to monitor the average temperature of the building. At minimum a sensor must be placed at each
corner and at one central location. Additionally, a temperature sensor must monitor the outside air temperature.
These sensors shall provide data to the averaging controls. The averaging controls will adjust the boiler operation
based upon an average of the indoor sensors and the outside air temperature. These controls shall also
incorporate a night-time setback capability. Buildings utilizing thermostatic radiator valves, or other modulating
control valves or sequences to control the temperature in individual spaces are not eligible.

This measure was developed to be applicable to the following program types: RF.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler(s) must incorporate an averaging control system utilizing at least 5 indoor sensors and 1
outdoor sensor. The controls shall have the capability to incorporate a nighttime setback throughout the building.

DEFINITION OF BASELINE EQUIPMENT

The baseline is a boiler system without averaging controls or other steam supply modulating controls. Current
boiler control system can utilize a single thermostat or aquastat and timer.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the domestic hot water boilers is 20 years.514
DEEMED MEASURE COST
As a retrofit measure, the actual installed cost should be used for screening purposes.

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

514 The Brooklyn Union Gas Company, High Efficiency Heating and Water and Controls, Gas Energy Efficiency Program
Implementation Plan.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

ATherms = Capacity x EFLH x SF / 100,000

Where:
Capacity = Boiler gas input size (Btu/h)
= Actual
EFLH = Effective Full Load Hours for heating are provided in section 4.4. HVAC End Use
SF = Savings Factor
=5%515 or custom if savings can be substantiated
100,000 = converts Btu/h to therm

For Example:
A 1,000,000 btu/h steam boiler in a Mid-Rise Multi-Family building in Chicago has averaging controls
installed.
ATherms = 1,000,000 x 1,685 x 0.05 / 100,000
= 843 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CopEe: CI-HVC-SBAC-V01-160601

515 A conservative estimate considering only setback savings, with DOE estimates as much as 1% per degree per 8 hours of
setback. http://energy.gov/energysaver/thermostats
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4.4.37 Unitary HVAC Condensing Furnace

DESCRIPTION

Condensing furnaces recover energy in combustion exhaust flue gasses that would otherwise simply be vented to
the atmosphere, making them more efficient than non-condensing furnaces. This measure applies to a constant
volume (CV), dedicated outside air system (DOAS), make-up air system (MUAS), or any unitary HVAC system that is
utilizing an indirect gas fired process to heat 100% OA to provide ventilation or make-up air to commercial and
industrial (C&I) building spaces. The unitary package must contain an indirect gas-fired, warm air furnace section,
but the unitary package can be with or without an electric air conditioning section. The unitary package can be
either a single package or split system that is applied indoors (non-weatherized) or outdoors (weatherized).

This measure excludes demand control ventilation, condensing unit heaters, and high efficiency (condensing)
furnaces with annual fuel utilization efficiency (AFUE) ratings (for furnaces with less than 225,000 Btu/hr input
capacity), which are covered by other measures for the C&I sector in the Technical Reference Manual (TRM)56,

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the efficient unitary equipment must contain a condensing, warm air furnace with a
natural gas thermal efficiency (TE) rating of 90% or higher, or alternatively, the unitary package must have
equipment nameplate information for natural gas that identifies a heating output and heating input rating that has
an output over input ratio of 0.90 or higher. These ratings must be certified by a recognized testing laboratory in
accordance with American National Standards Institute (ANSI) Standard Z21.47 for Gas-Fired Central Furnaces®'7,
The furnace must be vented and condensate disposed of in accordance with the equipment manufacturer
installation instructions and applicable codes.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is expected to be unitary equipment that contains a non-condensing, warm air furnace
with a natural gas thermal efficiency (TE) rating of 80%, or alternatively, the unitary package will have equipment
nameplate information for natural gas that identifies a heating output and heating input rating that has an output
over input ratio of 0.80. These ratings must be certified by a recognized testing laboratory in accordance with
American National Standards Institute (ANSI) Standard Z21.47 for Gas-Fired Central Furnaces.

Note the current Department of Energy (DOE) federal minimum efficiency standard is 80% for 225,000 Btu/hr and
higher input capacity furnaces per the Energy Conservation Standard for Commercial Warm Air Furnaces®18, In the
American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) Standard 90.1 Energy
Standard for Buildings Except Low-Rise Residential Buildings®1® that minimum TE requirement is extended below
225,000 Btu/hr input capacity to require all commercial warm air furnaces and combination warm air furnace/air
conditioning units to meet the minimum 80% TE.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years, which is consistent with the established TRM measure life for

516 |llinois Statewide Technical Reference Manual (TRM), Version 4.0 (effective June 1, 2015), 2015.
http://www.ilsag.info/technical-reference-manual.html (Accessed September 25, 2015).

517 American National Standards Institute (ANSI), ANSI Z21.47 Standard for Central Gas-Fired Central Furnaces, 2012.
http://www.techstreet.com/products/1837013#product (Accessed September 25, 2015).

518 Department of Energy (DOE), Commercial Warm Air Furnace Standard DOE 10 CFR, Part 431, Subpart D — Commercial Warm
Air Furnaces, 2004. https://www.law.cornell.edu/cfr/text/10/part-431/subpart-D (Accessed September 25, 2015).

519 American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE), ASHRAE Standard 90.1 Energy
Standard for Buildings Except Low-Rise Residential Buildings, 2013. https://www.ashrae.org/resources-- publications/bookstore
/standard-90-1 (Accessed September 25, 2015).
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single-package and split system unitary air conditioners, since in colder climates these unitary packages typically
contain a gas-fired, warm air furnace section, with an electric air conditioning section.

DEeEMED MEASURE COST

The actual incremental equipment and installation costs should be used, if available. If not, the incremental cost of
$5.42 per 1000 Btu/hr of output capacity should be used for the condensing furnace equipment (as part of a
unitary package) and its installation (including the combustion condensate drainage and disposal system). This
incremental cost is from the DOE Technical Support Document for the Notice of Proposed Rulemaking (NOPR) for
the Commercial Warm Air Furnace Standard®%. Per the DOE documentation, it is based on their representative
250,000 Btu/hr input capacity furnace at a 92% TE.

LOADSHAPE
Loadshape C23 - Commercial Ventilation
COINCIDENCE FACTOR

The coincidence factor is assumed to be 1.0 — that is, building ventilation will always be provided during peak
periods.

Algorithm

CALCULATION OF SAVINGS

The following methodology provides formulas for estimating gas heating savings associated with condensing
furnaces in unitary HVAC packages when applied as a CV, DOAS, MUAS, or any RTU that is indirectly heating 100%
outside air (OA). These types of HVAC systems typically run continuously during the HVAC operating schedule to
provide building ventilation and maintain indoor air quality or to compensate for exhaust and maintain neutral or
slightly positive building pressurization. The algorithm estimates the gas use reduction resulting from utilizing
condensing heating of 90% or higher thermal efficiency (TE) in place of the federal minimum TE of 80% (or other
user defined baseline TE) for commercial warm air furnaces.

The methodology provides a representative group of operating schedules for the market sector applications
highlighted earlier based on DOE commercial reference building models521, Heating loads during the operating
schedule are determined based on hourly differences between a range of supply air (SA) heated to temperatures
and the OA temperature using Typical Meteorological Year (TMY3)522 weather data. These hourly heating loads are
generated for all hours when the OA temperature is below the base temperature of 55 °F for heating in C&lI
settings per the TRM. To accommodate the variability in heating base temperatures in C&I settings, these hourly
heating loads are also generated for base temperatures of 45 °F and 65 °F for heating. The hourly heating loads
are then summed for the entire year. The annual heating loads are calculated in this manner for the climate zone 2
weather station (Chicago O’Hare Airport), which is then normalized to its National Climatic Data Center (NCDC)%23
30 year (1981-2010) weather average by multiplying by the heating degree day (HDD) ratio of the NCDC/TRM
HDD55 over the TMY3 HDD55 (HDD at base temperature of 55 °F), and likewise for the annual heating loads for
HDDA45 (HDD at base temperature of 45 °F) and HDD65 (HDD at base temperature of 65 °F), using the values in
Table 1 and Table 2. Since detailed hourly weather data is not available for all 5 of the TRM climate zone weather

520 Department of Energy (DOE), Rulemaking for Commercial Warm Air Furnace Standard, Technical Support Document 2015.
https://www1.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruleid/70 (Accessed September 25, 2015).

521 Department of Energy (DOE) National Renewable Energy Laboratory, Commercial Reference Building Models of the National
Building Stock, 2011. http://www.nrel.gov/docs/fyl1osti/46861.pdf (Accessed September 25, 2015).

522 Department of Energy (DOE) National Renewable Energy Laboratory, Users Manual for TMY3 Data Sets, 2008.
http://www.nrel.gov/docs/fy080osti/43156.pdf (Accessed September 25, 2015).

523 National Climatic Data Center, 1981-2010 Climate Normals, 2015. https://www.ncdc.noaa.gov/data-access/land-based-
station-data/land-based-datasets/climate-normals/1981-2010-normals-data (Accessed November 4, 2015).
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stations, the annual heating loads for the other climate zones are determined by multiplying the climate zone 2
annual heating loads by the ratio of the other climate zone NCDC HDD over the climate zone 2 NCDC HDD, using
the values in Table 1.

These annual heating loads on a per unit airflow basis are then used in conjunction with the actual airflow of the
100% OA system and its condensing efficiency to calculate the gas heating savings versus the baseline (non-
condensing) heating efficiency. This measure results in additional electric use by the unitary HVAC package due to
the additional pressure drop of the condensing heat exchanger of the warm air furnace section.

Table 1. NCDC/TRM HDD Values for All Climate Zones

NCDC NCDC NCDC

Climate Zone - 30 Year 30 Year 30 Year

Weather Station/City Average Average Average

HDD452 HDD55%8 HDD65%
1 - Rockford AP / Rockford 2495 4272 6569
2 - Chicago O'Hare AP / Chicago 2263 4029 6340
3 - Springfield #2 / Springfield 1812 3406 5495
4 - Belleville SIU RSCH / Belleville 1197 2515 4379
5 - Carbondale Southern IL AP / Marion 1183 2546 4477

Table 2. TMY3 HDD Values for Climate Zone 2

Climate Zone - TMY3 TMY3 TMY3
Weather Station/City HDD45”  HDD55’  HDD65’
2 - Chicago O'Hare AP / Chicago 2422 4188 6497
ELECTRIC ENERGY SAVINGS

As noted previously, this measure results in additional SA fan electric use by the unitary HVAC system due to the
additional pressure drop of the condensing heat exchanger of the warm air furnace section.

AkWh = - (tran * cfm * AP) / (nran/motor * 8520)
Where:
tran = annual fan runtime (hr), refer to Tables 1 through 4
cfm = airflow (cfm), use actual or rated system airflow
AP = incremental pressure drop (inch W.G.), assume 0.15 if actual value not known
T|FAN/MOTOR = combined fan and motor efficiency, assume 0.60 if actual value not known
8520 = conversion factor (fan horsepower — HP — calculation constant of 6356 for standard air
conditions adjusted by 1 HP = 0.746 kW, or 6356/ 0.746 = 8520 for this kW calculation)
EXAMPLE:
For a “big box” retail store operating 24 hours a day and 7 days a week (8760 hours per year) with a
5000 cfm DOAS that has an incremental pressure drop of 0.15 inch W.G. and a combined fan and
motor efficiency of 0.6 has annual kWh savings of:
- _ * * *
ILTRM v AKWh = - (tean * cfm * AP) / (nran/moTor * 8520)
=- (8760 * 5000 * 0.15) / (0.6 * 8520)
=-1285 kWh
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

The additional SA fan electric use by the unitary HVAC system will typically result in a modest electric demand

increase.

Where:

AkW

CF=1.0

= (AKWh / tran) * CF

EXAMPLE:

Continuing the previous example:

AKW = (AkWh / tran) * CF

=(-1285/8760) * 1.0
=-0.15 kW

NATURAL GAS ENERGY SAVINGS

Where:

Qon

ATherms =[Qoa * cfm * (1/TEnc - 1/TEc)]/ 100,000

= annual outside air (OA) heating load per cfm of OA (Btu/cfm)

First, select the most representative operating schedule for the application from among the four
(4) scenarios listed below and its set of three (3) applicable tables. Second, select the table in
that set with the most representative HDD base temperature — the base temperature for OA
below which heating is required. If that base temperature is not readily determined, select the
TRM default base temperature of 55 °F (HDD55) for heating in C&I settings.  Third, select the
climate zone within that table. Fourth, select an appropriate heated to supply air (SA)
temperature within that table. Use the resulting Qoa value, with linear interpolation allowed
between SA temperatures.

The four (4) scenarios available are indicative of the following building applications and operating
schedules:

1. 24 hour a day and 7 day a week (24/7) operation, with HVAC operating schedule of
8760 hours per year, typical of large retail stores with DOAS, hotel/multifamily
buildings with corridor MUAS, and healthcare facilities with DOAS. Use Table 3
through Table 5.

2. 6:00 AM to 1:00 AM every day operation, with HVAC operating schedule of 7300
hours per year, typical of full service and quick service restaurants with kitchen
MUAS. Use Table 6 through Table 8.

3. 7:00 AM to 9:00 PM Monday-Friday, 7:00 AM to 10:00 PM Saturday, and 9:00 AM
to 7:00 PM Sunday operations, with HVAC operating schedule of 5266 hours per
year, typical of non-24/7 retail stores with DOAS. Use Table 9 through Table 11.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 333 of 493



Illinois Statewide Technical Reference Manual- 4.4.37 Unitary HVAC Condensing Furnace

4. 7:00 AM to 9:00 PM Monday-Friday operation, with HVAC operating schedule of
3911 hours per year, typical of school buildings with DOAS. Use Table 12 through

Table 14.
TEnc = non-condensing thermal efficiency (TE), use federal minimum TE of 80% (0.80) or actual TE if
known
TEc = condensing thermal efficiency (TE), use actual TE or if unknown assume 90% (0.90)

100,000 = conversion factor (1 therm = 100,000 Btu)

EXAMPLE:

Continuing the previous example, for a climate zone 2 (Chicago O'Hare AP / Chicago) application
using a 90% TE condensing DOAS with a supply air temperature from the DOAS of 95 °F:
ATherms = [Qoa * cfm * (1/TEnc - 1/TEc)]/ 100,000
= 303,268 * 5,000 * (1/0.80 — 1/0.90)/100,000
= 2,106 therms
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8760 Hour Annual Operation Scenario

Table 3. 8760 Hour Annual Operation Scenario for HDD45

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 8760 Hours

Climate Zone - 5 5 o o
Weather Station/City S8 S5°F o> 1056
1 - Rockford AP / Rockford 189,343 | 230,897 | 272,451 | 314,004
2 - Chicago O'Hare AP / Chicago 171,737 | 209,427 | 247,116 | 284,806
3 - Springfield #2 / Springfield 137,511 | 167,689 | 197,868 | 228,046
4 - Belleville SIU RSCH / Belleville 90,839 110,775 | 130,711 | 150,647
5 - Carbondale Southern IL AP / Marion 89,777 109,479 | 129,182 | 148,885

Table 4. 8760 Hour Annual Operation Scenario for HDD55

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 8760 Hours

Climate Zone -

o o o ()
Weather Station/City /5 S5 oo 105°¢
1 - Rockford AP / Rockford 216,145 | 268,852 | 321,559 | 374,266
2 - Chicago O'Hare AP / Chicago 203,850 | 253,559 | 303,268 | 352,977
3 - Springfield #2 / Springfield 172,329 | 214,351 | 256,374 | 298,397
4 - Belleville SIU RSCH / Belleville 127,248 | 158,278 | 189,307 | 220,337
5 - Carbondale Southern IL AP / Marion 128,817 | 160,229 | 191,641 | 223,053

Table 5. 8760 Hour Annual Operation Scenario for HDD65

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 8760 Hours

Climate Zone -

Weather Station/City /56 856 56 1055
1 - Rockford AP / Rockford 239,158 | 308,050 | 376,942 | 445,834
2 - Chicago O'Hare AP / Chicago 230,820 | 297,311 | 363,802 | 430,292
3 - Springfield #2 / Springfield 200,056 | 257,685 | 315,314 | 372,943
4 - Belleville SIU RSCH / Belleville 159,426 | 205,351 | 251,276 | 297,200
5 - Carbondale Southern IL AP / Marion 162,994 | 209,947 | 256,899 | 303,852
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7300 Hour Annual Operation Scenario

Table 6. 7300 Hour Annual Operation Scenario for HDD45

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 7300 Hours

Climate Zone -

o o o o
Weather Station/City /58 65°F =5F 1055
1 - Rockford AP / Rockford 151,914 | 185,369 | 218,823 | 252,278
2 - Chicago O'Hare AP / Chicago 137,788 | 168,132 | 198,476 | 228,819
3 - Springfield #2 / Springfield 110,328 | 134,624 | 158,921 | 183,217
4 - Belleville SIU RSCH / Belleville 72,882 88,932 | 104,982 | 121,033
5 - Carbondale Southern IL AP / Marion 72,030 87,892 | 103,755 | 119,617

Table 7. 7300 Hour Annual Operation Scenario for HDD55

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 7300 Hours

Climate Zone -
Weather Station/City U 7 27 QU
1 - Rockford AP / Rockford 173,511 | 215,950 | 258,389 | 300,828
2 - Chicago O'Hare AP / Chicago 163,641 | 203,666 | 243,691 | 283,716
3 - Springfield #2 / Springfield 138,338 | 172,174 | 206,010 | 239,846
4 - Belleville SIU RSCH / Belleville 102,149 | 127,133 | 152,118 | 177,103
5 - Carbondale Southern IL AP / Marion 103,408 | 128,701 | 153,993 | 179,286

Table 8. 7300 Hour Annual Operation Scenario for HDD65

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 7300 Hours

Climate Zone -

o] o] ] o
Weather Station/City S8 S5°F o> 105°F
1 - Rockford AP / Rockford 191,803 | 247,046 | 302,288 | 357,531
2 - Chicago O'Hare AP / Chicago 185,117 | 238,434 | 291,750 | 345,067
3 - Springfield #2 / Springfield 160,444 | 206,655 | 252,866 | 299,076
4 - Belleville SIU RSCH / Belleville 127,859 | 164,685 | 201,510 | 238,336
5 - Carbondale Southern IL AP / Marion 130,720 | 168,370 | 206,020 | 243,670
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5266 Hour Annual Operation Scenario

Table 9. 5266 Hour Annual Operation Scenario for HDD45

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 5266 Hours

Climate Zone - 5 5 o o
Weather Station/City S8 S5°F 2> 1056
1 - Rockford AP / Rockford 104,175 | 127,350 | 150,524 | 173,699
2 - Chicago O'Hare AP / Chicago 94,488 115,508 | 136,527 | 157,547
3 - Springfield #2 / Springfield 75,657 92,488 | 109,319 | 126,149
4 - Belleville SIU RSCH / Belleville 49,979 61,097 72,215 83,334
5 - Carbondale Southern IL AP / Marion 49,394 60,383 71,371 82,359

Table 10. 5266 Hour Annual Operation Scenario for HDD55

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 5266 Hours

Climate Zone -
Weather Station/City U 7 27 QU
1 - Rockford AP / Rockford 118,320 | 147,406 | 176,492 | 205,578
2 - Chicago O'Hare AP / Chicago 111,590 | 139,021 | 166,452 | 193,884
3 - Springfield #2 / Springfield 94,335 | 117,524 | 140,714 | 163,904
4 - Belleville SIU RSCH / Belleville 69,657 86,780 | 103,904 | 121,027
5 - Carbondale Southern IL AP / Marion 70,516 87,850 | 105,184 | 122,519

Table 11. 5266 Hour Annual Operation Scenario for HDD65

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 5266 Hours

Climate Zone -

o] o] ] o
Weather Station/City S8 S5°F o> 105°F
1 - Rockford AP / Rockford 130,903 | 168,718 | 206,532 | 244,347
2 - Chicago O'Hare AP / Chicago 126,339 | 162,836 | 199,333 | 235,829
3 - Springfield #2 / Springfield 109,501 | 141,133 | 172,765 | 204,398
4 - Belleville SIU RSCH / Belleville 87,262 | 112,470 | 137,678 | 162,886
5 - Carbondale Southern IL AP / Marion 89,215 114,987 | 140,759 | 166,531
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3911 Hour Annual Operation Scenario

Table 12. 3911 Hour Annual Operation Scenario for HDD45

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 3911 Hours

Climate Zone -

Weather Station/City S8 S5°F 2> 1056
1 - Rockford AP / Rockford 75,029 91,729 108,428 | 125,128
2 - Chicago O'Hare AP / Chicago 68,053 83,199 98,346 | 113,492
3 - Springfield #2 / Springfield 54,490 66,618 78,746 90,874
4 - Belleville SIU RSCH / Belleville 35,996 44,008 52,019 60,031
5 - Carbondale Southern IL AP / Marion 35,575 43,493 51,411 59,329

Table 13. 3911 Hour Annual Operation Scenario for HDD55

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 3911 Hours

Climate Zone -
Weather Station/City U 7 27 QU
1 - Rockford AP / Rockford 85,672 | 106,825 | 127,979 | 149,132
2 - Chicago O'Hare AP / Chicago 80,799 | 100,749 | 120,699 | 140,649
3 - Springfield #2 / Springfield 68,305 85,170 | 102,035 | 118,901
4 - Belleville SIU RSCH / Belleville 50,436 62,890 75,343 87,797
5 - Carbondale Southern IL AP / Marion 51,058 63,665 76,272 88,879

Table 14. 3911 Hour Annual Operation Scenario for HDD65

Qoa (Annual Btu/cfm)
At Supply Air Temperature Of

Supply Air Fan Runtime = 3911 Hours

Climate Zone -

o] o] ] o
Weather Station/City S8 S5°F o> 105°F
1 - Rockford AP / Rockford 95,460 | 123,294 | 151,128 | 178,963
2 - Chicago O'Hare AP / Chicago 92,132 | 118,996 | 145,860 | 172,724
3 - Springfield #2 / Springfield 79,853 | 103,136 | 126,420 | 149,703
4 - Belleville SIU RSCH / Belleville 63,635 82,190 | 100,745 | 119,299
5 - Carbondale Southern IL AP / Marion 65,059 84,029 | 102,999 | 121,969
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEemMED O&M CoST ADJUSTMENT CALCULATION

The actual incremental annual maintenance costs should be used, if available. If not, the incremental cost of $0.05
per 1000 Btu/hr of output capacity should be used for maintaining the combustion condensate disposal system
yearly. This incremental cost is from the DOE Technical Support Document for the Notice of Proposed Rulemaking
(NOPR) for the Commercial Warm Air Furnace Standard6. Per the DOE documentation, it is based on their
representative 250,000 Btu/hr input capacity furnace at a 92% TE.

MEASURE CoDE: CI-HVC-DSFN-V01-160601
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4.5 Lighting End Use

The commercial lighting measures use a standard set of variables for hours or use, waste heat factors, coincident
factors and HVAC interaction effects. This table has been developed based on information provided by the various
stakeholders. For ease of review, the table is included here and referenced in each measure.

Waste
. Screw Waste Waste Coincid Waste Waste Heat
Fixture based Heat Heat Gas Heat :
: Heat -ence . Electric
Building/Space Type Annual bulb Cooling Cooling Heating Electric Heat
Operating Annual Energy BN Factor Resistance o

Hours®>*  Operating = WHFe CF527 IFTherms Heating .p

hours525 o WHFd 528 IFKWh529 Heating

IFkWh
Assisted Living 7,862 5,950 1.14 1.30 0.66 0.035 0.823 0.358
Childcare/Pre-School 2,860 2,860 1.17 1.29 0.72 0.018 0.420 0.183
College 3,395 2,588 1.06 1.39 0.63 0.020 0.462 0.201
Convenience Store 4,672 3,650 1.09 1.26 0.76 0.035 0.828 0.360
Elementary School 3,038 2,118 1.17 1.29 0.72 0.018 0.420 0.183
Garage 3,401 3,540 1.00 1.00 0.92 0.000 0.000 0.000
Garage, 24/7 lighting 8,766 8,766 1.00 1.00 1.00 0.000 0.000 0.000
Grocery 4,650 3,650 1.05 1.22 0.73 0.022 0.511 0.222
Healthcare Clinic 3,890 4,207 1.40 1.85 0.65 0.006 0.144 0.063
High School 3,038 2,327 1.18 1.39 0.72 0.028 0.656 0.285
Hospital - CAV no econ 7,616 4,207 1.11 1.29 0.76 0.022 0.527 0.229
Hospital - CAV econ 7,616 4,207 1.06 1.27 0.75 0.023 0.533 0.232
Hospital - VAV econ 7,616 4,207 1.37 1.79 0.70 0.010 0.241 0.105

524Fixtures hours of use are based upon schedule assumptions used in the eQuest models, except for those building types
where lllinois based metering results provide a statistically valid estimate (currently: College, Elementary School, High School,
Manufacturing, Low and Mid rise Office, Retail Department Store and Warehouse). Miscellaneous is a weighted average of
indoor spaces using the relative area of each building type in the region (CBECS).

525 Hours of use for screw based bulbs are derived from DEER 2008 by building type for cfls. Garage, exterior and multi-family
common area values are from the Hours of Use Table in this document. Miscellaneous is an average of interior space values.
Some building types are averaged when DEER has two values: these include office, restaurant and retail. Healthcare clinic uses
the hospital value.

526 The Waste Heat Factor for Energy and is developed using EQuest models for various building types base on Chicago lllinois
(closest to statewide average HDD and CDD). Exterior and garage values are 1, unknown is a weighted average of the other
building types.

527Coincident diversity factors are based on either combined IL evaluation results (College, Elementary School, High School,
Manufacturing, Low and Mid rise Office, Retail Department Store and Warehouse) or based upon schedules defined in the
eQuest models described (all others).

528 |F Therms value is developed using EQuest models consistent with methodology for Waste Heat Factor for Energy.

529 Electric heat penalty assumptions are based on converting the IFTherm multiplier value in to kWh and then applying relative
heating system efficiencies. The gas efficiency was assumed to be 78% AFUE based upon standard TRM assumption for existing
unit average efficiency, and the electric resistance is assumed to be 100%, for Heat Pump is assumed to be 2.3COP:
IFElectricHeat = IFTherms * 29.3 kWh/therm * 78% (Gas Heating Equipment Efficiency) / 100% (Electric Resistance Efficiency)
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Waste
Fixture sb;r;‘z VI\-II:Ztte Waste | coincid H\;\;atsét:s v::satte Heat.
. Heat -ence . Electric
Building/Space Type oAnnu?I bulb Cooling Cooling  Factor Heating Elfectrlc Heat
perating Annual Energy Demand Resistance Pum

Hours®?*  Operating  WHFe — CF527 'FT';;:"‘S Heating Heati:g

hours52° 526 IFKWh52° ——
Hospital - FCU 7,616 4,207 1.38 1.29 0.73 0.001 0.033 0.015
Manufacturing Facility 4,618 2,629 1.02 1.04 0.81 0.012 0.270 0.117
MF - High Rise - Common 6,138 5,950 1.14 1.32 0.64 0.025 0.596 0.259
MF - Mid Rise - Common 6,138 5,950 1.14 1.32 0.64 0.025 0.596 0.259
Hotel/Motel - Guest 2,390 777 1.18 1.36 0.28 0.020 0.463 0.201
Hotel/Motel - Common 6,138 4,542 1.20 1.24 0.73 0.032 0.748 0.325
Movie Theater 3,506 5,475 1.11 1.38 0.53 0.029 0.673 0.293
S:glie - High Rise - CAV no 2,886 3,088 1.00 1.07 0.57 0.037 0.874 0.380
Scfgrfe - High Rise - CAV 2,886 3,088 1.00 1.07 0.57 0.039 0.905 0.394
S:glie - High Rise - VAV 2,886 3,088 1.27 1.65 0.53 0.022 0.510 0.222
Office - High Rise - FCU 2,886 3,088 1.35 1.56 0.59 0.015 0.346 0.150
Office - Low Rise 2,698 3,088 1.11 131 0.52 0.016 0.371 0.161
Office - Mid Rise 3,068 3,088 1.26 1.61 0.52 0.024 0.557 0.242
Religious Building 2,085 1,664 1.12 1.37 0.48 0.015 0.356 0.155
Restaurant 5,571 4,784 1.17 1.31 0.68 0.021 0.491 0.213
Retail - Department Store 5,478 2,935 1.12 1.31 0.95 0.022 0.514 0.223
Retail - Strip Mall 4,093 2,935 1.12 1.29 0.71 0.019 0.450 0.196
Warehouse 5,242 4,293 1.00 1.22 0.68 0.011 0.257 0.112
Unknown 3,379 3,612 1.09 1.36 0.58 0.022 0.522 0.227
Exterior 4,903 4,903 1.00 1.00 0.00 0.000 0.000 0.000
Low-Use Small Business 2,954 2,954 1.31 1.53 0.66 0.023 0.524 0.262
Uncooled Building Varies varies 1.00 1.00 0.66 0.014 0.320 0.160
Refrigerated Cases 5,802 n/a 1.29 1.29 0.69 0.000 0.000 0.000
Freezer Cases 5,802 n/a 1.50 1.5 0.69 0.000 0.000 0.000
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4.5.1 Commercial ENERGY STAR Compact Fluorescent Lamp (CFL)

DESCRIPTION

A low wattage ENERGY STAR qualified compact fluorescent screw-in bulb (CFL) is installed in place of a baseline
screw-in bulb. This characterization assumes that the CFL is installed in a commercial location. If the
implementation strategy does not allow for the installation location to be known a deemed split should be used.
For Residential targeted programs (e.g. an upstream retail program), a deemed split of 96% Residential and 4%
Commercial assumptions should be used®39, and for Commercial targeted programs a deemed split of 4%
Residential and 96% Commercial should be used®3L.

Federal legislation stemming from the Energy Independence and Security Act of 2007 (EISA) required all general-
purpose light bulbs between 40W and 100W to be approximately 30% more energy efficient than current
incandescent bulbs. Production of 100W, standard efficacy incandescent lamps ended in 2012 followed by
restrictions on 75W in 2013 and 60W and 40W in 2014. The baseline for this measure has therefore become bulbs
(improved incandescent or halogen) that meet the new standard.

Finally, a provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, in essence making the baseline equivalent to a current day CFL. Therefore the measure
life (number of years that savings should be claimed) should be reduced once the assumed lifetime of the bulb
exceeds 2020. Due to expected delay in clearing retail inventory and to account for the operating life of a halogen
incandescent potentially spanning over 2020, this shift is assumed not to occur until mid-2020.

This measure was developed to be applicable to the following program types: TOS, NC, RF. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the high-efficiency equipment must be a standard ENERGY STAR
qualified compact fluorescent lamp.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be an EISA qualified incandescent or halogen as provided in the table
provided in the Electric Energy Savings section.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life (number of years that savings should be claimed) should be calculated by dividing the
rated life of the bulb (10,000 hours532) by the run hours. For example using Miscellaneous at 4,589 hours would
give 2.2 years. When the number of years exceeds June 2020, the number of years to that date should be used.

DEEMED MEASURE COST

The incremental capital cost assumption for all bulbs under 2600 lumens is $1.25, from June 2014 — May 2015,
$1.6 from June 2015 to May 2016 and $1.70 from June 2017 to May 201853,

For bulbs over 2600 lumens the assumed incremental capital cost is $5.

530 RES v C&aI split is based on a weighted (by sales volume) average of ComEd PY4-6 and Ameren PY5-6 in store intercept survey
results.

531 Based upon final weighted (by sales volume) average of the BILD program (ComEd’s commercial lighting program) for PY 4
and PY5 and PY6.

532 Energy Star bulbs have a rated life of at least 8000 hours. In commercial settings you expect significantly less on/off
switching than residential and so a rated life assumption of 10,000 hours is used.

533 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to
Ameren.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 342 of 493



Illinois Statewide Technical Reference Manual- 4.5.1 Commercial ENERGY STAR Compact Fluorescent Lamp (CFL)

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape CO8 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting
Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in section 4.5.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh =((WattsBase-WattsEE)/1000) * ISR * Hours * WHFe
Where:
WattsBase = Actual (if retrofit measure) or based on lumens of CFL bulb and program year

installed:

Incandescent
Equivalent

Minimum Lumens Maximum Lumens Post-EISA 2007

(WattsBase)

5280 6209 300
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Incandescent
Equivalent
Minimum Lumens Maximum Lumens Post-EISA 2007
(WattsBase)
3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
WattsEE = Actual wattage of CFL purchased or installed
ISR = In Service Rate or the percentage of units rebated that get installed.

=100%°34 if application form completed with sign off that equipment is not
placed into storage

If sign off form not completed assume the following 3 year ISR assumptions:

Weighted Final
Average 1st 2nd year 3rd year Lifetime In
year In Service Installations Installations Service
Rate (ISR) Rate
71.2%5% 14.5% 12.3% 98.0%°%
Hours = Average hours of use per year are provided in Reference Table in Section 4.5,

Screw based bulb annual operating hours, for each building type5%7. If unknown
use the Miscellaneous value.

WHFe = Waste heat factor for energy to account for cooling energy savings from

534 [llinois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough
issue to warrant including an “In-Service Rate” when commercial customers complete an application form.
535 1styear in service rate is based upon review of PY4-6 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL

Commercial Lighting ISR_2014.xls’ for more information. The average first year ISR was calculated weighted by the number of
bulbs sold.

536The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3
year installations should be counted as part of those future program year savings. Note that this Final Install Rate does NOT
account for leakage of purchased bulbs being installed outside of the utility territory. EM&YV should assess how and if data from
evaluation should adjust this final installation rate to account for this impact

537 Based on ComEd analysis taking DEER 2008 values and averaging with PY1 and PY2 evaluation results.
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efficient lighting are provided below for each building type in Reference Table
in Section 4.5. If unknown, use the Miscellaneous value.

For example, a 14W standard CFL is installed in an office in 2014 and sign off form provided:
AkWh =(((43 -14)/1000)* 1.0 * 3088 * 1.25
=111.9 kWh

HEATING PENALTY

If electrically heated building:
DKW hheatpenaiy®38 = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh

Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

For example, a 14W standard CFL is installed in a heat pump heated office in 2014 and sign off form
provided:

AkWhheatpenaly = (((43 - 14)/1000)* 1.0*3088*-0.183
=-16.4 kWh

DEFERRED INSTALLS

As presented above, if a sign off form is not completed the characterization assumes that a percentage of bulbs
purchased are not installed until Year 2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory
Committee has determined the following methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

538Negative value because this is an increase in heating consumption due to the efficient lighting.
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For example, for a 14W CFL (60W standard incandescent and 43W EISA qualified incandescent/halogen)
purchased in 2014 and using miscellaneous hours assumption.

AKWHast yearinstals = ((43 - 14) / 1000) * 0.755 * 3198 * 1.06
=74.2 kWh
AKWH2nd year installs = ((43 - 14) / 1000) * 0.121 * 3198 * 1.06
=11.9 kWh
Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
AKWH3rd year installs = ((43 - 14) / 1000) * 0.103 * 3198 * 1.06
=10.1 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase-WattsEE)/1000) * ISR * WHFd * CF
Where:

WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If unknown, use the
Miscellaneous value..

CF = Summer Peak Coincidence Factor for measure is provided in the Reference Table in
Section 4.5. If unknown, use the Miscellaneous value..

Other factors as defined above

For example, a 14W standard CFLis installed in an office in 2014 and sign off form provided:
AkW  =((43 -14)/1000)*1.0*1.3*0.66
=0.025kW

NATURAL GAS ENERGY SAVINGS

Heating Penalty if fossil fuel heated building (or if heating fuel is unknown):
ATherms®3® = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms
Where:

IFTherms = Lighting-HVAC Interation Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficent lighting. Values are provided in the Reference Table in Section 4.5. |If
unknown, use the Miscellaneous value.

Other factors as defined above

For example, a 14W standard CFL is installed in an office in 2014 and sign off form provided:
ATherms =(((43 - 14)/1000)* 1.0*3088*-0.016
=-1.4 Therms

539 Negative value because this is an increase in heating consumption due to the efficient lighting.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeeMED O&M CoST ADJUSTMENT CALCULATION

Bulb replacement costs assumed in the O&M calculations are provided below54°,

EISA Compliant

Std Inc. e
2014 $0.34 $1.25
2015 $0.34 $0.90
2016 $0.34 $0.80
2017 $0.34 $0.70
2018 $0.34 $0.60
2019 $0.34 $0.60
2020 & after $0.34 N/A

In order to account for the falling EISA Qualified bulb replacement cost provided above, an equivalent annual
levelized baseline replacement cost over the lifetime of the CFL bulb is calculated. Note that the measure life for
these measures is capped to the number of years remaining until 2020.

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.34% are presented below. It is important to note that for cost-effectiveness screening purposes, the O&M cost
adjustments should only be applied in cases where the light bulbs area actually in service and so should be
multiplied by the appropriate ISR:

Levelized annual replacement cost

NPV of replacement costs for period

savings
Location Lumen Level
June 2014 - June 2015- June 2016- June2014- June 2015- June 2016 -

May 2015 May 2016 May 2017 May 2015 May 2016 May 2017

Lumens <310 or >2600

2.00 2.00 2.00 0.75 0.75 0.75
(EISA exempt) 2 2 2 2 2 2
Commercial
Lumens = 310 and £ 2600
] $6.03 $4.87 $4.29 $2.26 $1.82 $1.60
(EISA compliant)
Lumens <310 or >2600
$3.90 $3.90 $3.90 $2.56 $2.56 $2.56

Multi Family (EISA exempt)
Common

Lumens = 310 and £ 2600
Areas ] $11.92 $9.55 $8.40 $7.83 $6.28 $5.52
(EISA compliant)

For halogen bulbs, we assume the same replacement cycle as incandescent bulbs.5*! The replacement cycle is

540 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to
Ameren.

541 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas
rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 347 of 493



Illinois Statewide Technical Reference Manual- 4.5.1 Commercial ENERGY STAR Compact Fluorescent Lamp (CFL)

based on the miscellaneous hours of use. Both incandescent and halogen lamps are assumed to last for 1,000
hours before needing replacement.

MEASURE CoDE: CI-LTG-CCFL-V06-160601
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4.5.2 Fluorescent Delamping

DESCRIPTION

This measure addresses the permanent removal of existing 8, 4’, 3’ and 2’ fluorescent lamps. Unused lamps, lamp
holders, and ballasts must be permanently removed from the fixture. This measure is applicable when retrofitting
from T12 lamps to T8 lamps or simply removing lamps from a T8 fixture. Removing lamps from a T12 fixture that is
not being retrofitted with T8 lamps are not eligible for this incentive.

Customers are responsible for determining whether or not to use reflectors in combination with lamp removal in
order to maintain adequate lighting levels. Lighting levels are expected to meet the Illuminating Engineering
Society of North America (IESNA) recommended light levels. Unused lamps, lamp holders, and ballasts must be
permanently removed from the fixture and disposed of in accordance with local regulations. A pre-approval
application is required for lamp removal projects.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Savings are defined on a per removed lamp basis. The retrofit wattage (efficient conditioned) is therefore assumed
to be zero. The savings numbers provided below are for the straight lamp removal measures, as well as the lamp
removal and install reflector measures. The lamp installed/retrofit is captured in another measure.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is either a T12 or a T8 lamp with default wattages provided below. Note, if the program
does not allow for the lamp type to be known, then a T12:T8 weighting of 80%:20% can be applied>42.,

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 11 years per DEER 2005.
DEEMED MEASURE COST

The incremental capital cost is provided in the table below:

8-Foot Lamp Removal $16.00 ComEd/KEMA regression®*
4-Foot Lamp Removal $12.00 ICF Portfolio Plan
-F L R | with

8-Foot Lamp Removal wit $30.00 KEMA Assumption
reflector
4-Foot Lamp Removal with $25.00 KEMA Assumption
reflector
2-Foot or 3-Foot Removal $12.35 KEMA Assumption
2-Foot or 3-Foot R | with

oot or 3-root Removal wi $25.70 KEMA Assumption
reflector

542 Based on ComEd’s estimate of lamp type saturation.
543 Based on the assessment of active projects in the 2008-09 ComEd Smart Ideas Program. See files “Itg costs 12-10-10.xl.” and
“Lighting Unit Costs 102605.doc”
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LOADSHAPE

Loadshape C06 - Commercial Indoor Lighting

Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape C08 - Hospital Indoor Lighting

Loadshape C09 - Office Indoor Lighting

Loadshape C10 - Restaurant Indoor Lighting

Loadshape C11 - Retail Indoor Lighting

Loadshape C12 - Warehouse Indoor Lighting

Loadshape C13 - K-12 School Indoor Lighting

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting

Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in the reference section below.
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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh =((WattsBase-WattsEE)/1000) * ISR * Hours * WHFe
Where:
WattsBase = Assume wattage reduction of lamp removed
Wattage of lamp .
removeds4 Weighted average
T8 T12 80% T12, 20% T8
8-ft T8 38.6 60.3 56.0
4-ft T8 19.4 33.7 30.8
3-ft T8 14.6 40.0 34.9
2-ft T8 9.8 28.0 24.4
WattsEE =0
ISR = In Service Rate or the percentage of units rebated that get installed.
=100% if application form completed with sign off that equipment permanently
removed and disposed of.
Hours = Average hours of use per year are provided in Reference Table in Section 4.5.
If unknown use the Miscellaneous value.
WHFe = Waste heat factor for energy to account for cooling energy savings from

efficient lighting are provided below for each building type in Reference Table
in Section 4.5. If unknown, use the Miscellaneous value.

For example, delamping a 4 ft T8 fixture in an office building:
AkWh  =((19.4 - 0)/1000) * 1.0 * 4439 * 1.25
=107.6 kWh

HEATING PENALTY

If electrically heated building:
DKW hheatpenaiy®*® = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh

544 Default wattage reducetion is based on averaging the savings from moving from a 2 to 1, 3 to 2 and 4 to 3 lamp fixture, as
provided in the Standard Performance Contract Procedures Manual: Appendix B: Table of Standard Fixture Wattages
(http://www.sce.com/NR/rdonlyres/7A3455F0-A337-439B-9607-10A016D32D4B/0/spc B Std Fixture Watts.pdf). An
adjustment is made to the T8 delamped fixture to account for the significant increase in ballast factor. See ‘Delamping
calculation.xls’ for details.

545Negative value because this is an increase in heating consumption due to the efficient lighting.
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Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

For example, delamping a 4 ft T8 fixture in a heat pump heated office building:
AkWhheatpenaIty =((194 - O)/lOOO) *1.0 * 4439 * -0.151
=-13.0 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = ((WattsBase-WattsEE)/1000) * ISR * WHFd * CF

Where:
WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If unknown, use the
Miscellaneous value..
CF = Summer Peak Coincidence Factor for measure is provided in the Reference Table in

Section 4.5. If unknown, use the Miscellaneous value..

Other factors as defined above

For example, delamping a 4 ft T8 fixture in an office building:
AkW =((19.4 - 0)/1000) * 1.0 * 1.3 * 0.66
=0.017 kW

NATURAL GAS ENERGY SAVINGS

Heating Penalty if fossil fuel heated building (or if heating fuel is unknown):
ATherms®#® = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms
Where:

IFTherms = Lighting-HVAC Interation Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficent lighting. Values are provided in the Reference Table in Section 4.5. |If
unknown, use the Miscellaneous value.

Other factors as defined above

For example, delamping a 4 ft T8 fixture in an office building:
ATherms =((19.4 - 0)/1000) * 1.0 * 4439 * -0.016

=-1.4 therms

546 Negative value because this is an increase in heating consumption due to the efficient lighting.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-LTG-DLMP-V02-140601
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4.5.3 High Performance and Reduced Wattage T8 Fixtures and Lamps

DESCRIPTION

This measure applies to “High Performance T8” (HPT8) lamp/ballast systems that have higher lumens per watt
than standard T8 systems. This measure applies to the installation of new equipment with efficiencies that exceed
that of the equipment that would have been installed following standard market practices and is applicable to time
of sale as well as retrofit measures. Retrofit measures may include new fixtures or relamp/reballast measures. In
addition, options have been provided to allow for the “Reduced Wattage T8 lamps” or RWT8 lamps that result in
re-lamping opportunities that produce equal or greater light levels than standard T8 lamps while using fewer
watts.

If the implementation strategy does not allow for the installation location to be known, a deemed split of 99%
Commercial and 1% Residential should be used>*’.

This measure was developed to be applicable to the following program types: TOS, RF, DI.
If applied to other program types, the measure savings should be verified.

The measure applies to all commercial HPT8 installations excluding new construction and major renovation or
change of use measures (see lighting power density measure). Lookup tables have been provided to account for
the different types of installations. Whenever possible, actual costs and hours of use should be utilized for savings
calculations. Default new and baseline assumptions have been provided in the reference tables. Default
component costs and lifetimes have been provided for Operating and Maintenance Calculations. Please see the
Definition Table to determine applicability for each program. HPT8 configurations not included in the TRM may be
included in custom program design using the provided algorithms as long as energy savings is achieved. The
following table defines the applicability for different programs

Time of Sale (TOS) Retrofit (RF) and Direct Install (DI)

This measure relates to the replacement of existing
equipment with new equipment with efficiency that
exceeds that of the existing equipment. In general, the
retrofit will include qualifying high efficiency low ballast
factor ballasts paired with high efficiency long life lamps
as detailed in the attached tables. Custom lighting
designs can use qualifying low, normal or high ballast
factor ballasts and qualifying lamps in lumen equivalent
applications where total system wattage is reduced

This measure relates to the installation of new
equipment with efficiency that exceeds that of
equipment that would have been installed
following standard market practices. In general,
the measure will include qualifying high efficiency
low ballast factor ballasts paired with high
efficiency long life lamps as detailed in the

attached tables. High-bay applications use this
system paired with qualifying high ballast factor
ballasts and high performance 32 w lamps. Custom
lighting designs can use qualifying low, normal or
high ballast factor ballasts and qualifying lamps in
lumen equivalent applications where total system
wattage is reduced when calculated using the
Calculation of Savings Algorithms.

when calculated using the Calculation of Savings
Algorithms.

High efficiency troffers (new/or retrofit) utilizing HPT8
technology can provide even greater savings. When used
in a high-bay application, high-performance T8 fixtures
can provide equal light to HID high-bay fixtures, while
using fewer watts; these systems typically utilize high
ballast factor ballasts, but qualifying low and normal
ballast factor ballasts may be used when appropriate
light levels are provided and overall wattage is reduced.

547 Based on weighted average of Final ComEd’s BILD program data from PY5 and PY6. For Residential installations, hours of use
assumptions from ‘5.5 Interior Hardwired Compact Fluorescent Lamp (CFL) Fixture’ measure should be used.
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DEFINITION OF EFFICIENT EQUIPMENT

The efficient conditions for all applications are a qualifying HP or RWTS fixture and lamp/ballast combinations
listed on the CEE website under qualifying HP T8 products®#® and qualifying RWT8 products®°,

The definition of efficient equipment varies based on the program and is defined below:

Time of Sale (TOS) Retrofit (RF) and Direct Install (DI)

High efficiency troffers combined with high | High efficiency troffers (new or retrofit kits) combined
efficiency lamps and ballasts allow for fewer lamps | with high efficiency lamps and ballasts allow for fewer
to be used to provide a given lumen output. High | lamps to be used to provide a given lumen output.
efficiency troffers must have a fixture efficiency of | High efficiency troffers must have a fixture efficiency
80% or greater to qualify. Default values are given | of 80% or greater to qualify. Default values are given
for a 2 lamp HPT8 fixture replacing a 3 lamp | for a 2 lamp HPTS8 fixture replacing a 3 lamp standard
standard efficiency T8 fixture, but other | efficiency T8 fixture, but other configurations may
configurations may qualify and the Calculation of | qualify and the Calculation of savings algorithm used
savings algorithm used to account for base watts | to account for base watts being replaced with EE
being replaced with EE watts. watts.

High bay fixtures must have fixture efficiencies of | High bay fixtures will have fixture efficiencies of 85%
85% or greater. or greater.

RWT8 lamps: 2', 3' and 8' lamps must meet the | RWTS8: 2', 3' and 8' lamps must meet the wattage
wattage requirements specified in the RWT8 new | requirements specified in the RWT8 new and baseline
and baseline assumptions table. This measure | assumptions table.

assumes a lamp only purchase.

DEFINITION OF BASELINE EQUIPMENT

The definition of baseline equipment varies based on the program and is defined below:

548 http://library.ceel.org/content/cee-high-performance-t8-specification
549 http://library.ceel.org/content/reduced-wattage-t8-specification
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Time of Sale (TOS)

The baseline is standard efficiency T8 systems that
would have been installed. The baseline for high-
bay fixtures is pulse start metal halide fixtures, the
baseline for a 2 lamp high efficiency trofferis a 3
lamp standard efficency troffer.

Retrofit (RF) and Direct Install (DI)

The baseline is the existing system.

In July 14, 2012, Federal Standards were enacted that
were expected to eliminate T-12s as an option for
linear fluorescent fixtures. Through v3.0 of the TRM, it
was assumed that the T-12 would no longer be
baseline for retrofits from 1/1/2016. However, due to
significant loopholes in the legislation, T-12 compliant
product is still freely available and in Illinois T-12s
continue to hold a significant share of the existing and
replacement lamp market. Therefore the timing of the
sunsetting of T-12s as a viable baseline has been
pushed back in v5.0 until 6/1/2018 and will be
revisited in future update sessions.

There will be a baseline shift applied to all measures
installed before 6/1/2018. See table C-1.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed lifetime of efficient equipment varies based on the program and is defined below:

Time of Sale (TOS) ‘

Fixture lifetime is 15 years®>®°,

Fixture retrofits which utilize RWT8 lamps
have a lifetime equivalent to the life of the
lamp, capped at 15 years. There is no
guarantee that a reduced wattage lamp
will be installed at time of burnout, but if
one is, savings will be captured in the
RWT8 measure below.

RWTS lifetime is the life of the product, at
the reported operating hours (lamp life in
hours divided by operating hours per year
— see reference table "RWT8 Component
Costs and Lifetime"), capped at 15
years.551

Retrofit (RF) and Direct Install (DI)

Fixture lifetime is 15 years.

As per explanation above, for existing T12 fixtures, a mid life
baseline shift should be applied in 6/1/2018 as described in
table C-1.

Note, since the fixture lifetime is deemed at 15 years, the
replacement cost of both the lamp and ballast should be
incorporated in to the O&M calculation.

DEEMED MEASURE COST

The deemed measure cost is found in the reference table at the end of this characterization.

550 15 years from GDS Measure Life Report, June 2007
551 jbid

ILTRM v5.0 Vol. 2_February 11, 2016_Final

Page 356 of 493




Illinois Statewide Technical Reference Manual - 4.5.3 High Performance and Reduced Wattage T8 Fixtures and

Lamps

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape C08 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting
Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh =( (Wattsbase-Wattsee)/1000) * Hours *WHFe*ISR

Where:

Wattspase = Input wattage of the existing system which depends on the baseline fixture
configuration (number and type of lamp) and number of fixtures. Value can be selected
from the appropriate reference table as shown below, or a custom value can be entered
if the configurations in the tables is not representative of the exisitng system.

Program

Time of Sale

Reference Table ‘

A-1: HPT8 New and Baseline
Assumptions

Retrofit

A-2: HPT8 New and Baseline
Assumptions

Reduced Wattage T8, time of
sale or retrofit

A-3: RWT8 New and Baseline
Assumptions
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Wattsee = New Input wattage of EE fixture which depends on new fixture configuration (number
of lamps) and ballast factor and number of fixtures. Value can be selected from the
appropriate reference table as shown below, of a custom value can be entered if the
configurations in the tables is not representative of the exisitng system.

Program Reference Table ‘
. A-1: HPT8 New and Baseline
Time of Sale .
Assumptions
. A-2: HPT8 New and Baseline
Retrofit

Assumptions

Reduced Wattage T8, time of A-3: RWT8 New and Baseline
sale or retrofit Assumptions

Hours = Average hours of use per year as provided by the customer or selected from the
Reference Table in Section 4.5, Fixture annual operating hours. If hours or building type
are unknown, use the Miscellaneous value.

WHFe = Waste heat factor for energy to account for cooling energy savings from efficient
lighting is selected from the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

ISR = In Service Rate or the percentage of units rebated that get installed.

=100%552 if application form completed with sign off that equipment is not placed into
storage

If sign off form not completed assume the following 3 year ISR assumptions:

Weighted Final
Average 1st 2nd year 3rd year Lifetime In

year In Service | Installations Installations Service
Rate (ISR) Rate

989%553 0% 0% 98.0%%

552 ||linois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough
issue to warrant including an “In-Service Rate” when commercial customers complete an application form.

553 1st year in service rate is based upon review of PY5-6 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL
Commercial Lighting ISR_2014.xls’ for more information

554 The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3
year installations should be counted as part of those future program year savings. Note that this Final Install Rate does NOT
account for leakage of purchased bulbs being installed outside of the utility territory. EM&V should assess how and if data from
evaluation should adjust this final installation rate to account for this impact
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HEATING PENALTY
If electrically heated building:
AKW hheatpenaly®® = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh
Where:
IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat rejected by the

efficent lighting. Values are provided in the Reference Table in Section 4.5. If unknown, use the
Miscellaneous value.

SUMMER COINCIDENT DEMAND SAVINGS

AKW =( (Wattsbase-Wattsee)/1000) * WHF4*CF*ISR

Where:
WHFq = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is selected from the Reference Table in Section 4.5 for each building
type. If the building is not cooled WHFd is 1.
CF = Summer Peak Coincidence Factor for measure is selected from the Reference Table in

Section 4.5 for each building type. If the building type is unknown, use the
Miscellaneous value of 0.66.

Other factors as defined above

NATURAL GAS SAVINGS
ATherms®%6 = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms
Where:
IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected

by the efficient lighting. Please select from the Reference Table in Section 4.5 for each
building type.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

Actual operation and maintenance costs will vary by specific equipment installed/replaced. See Reference tables
for Operating and Maintenance Values;

555Negative value because this is an increase in heating consumption due to the efficient lighting.
556 Negative value because this is an increase in heating consumption due to the efficient lighting.
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Program Reference Table ‘

B-1: HPT8 Component Costs and

Ti f Sal
ime of Sale Lifetime

B-2: HPT8 Component Costs and

R fi e s
etrofit Lifetime

Reduced Wattage T8, time of B-3: HPT8 Component Costs and
sale or retrofit Lifetime

REFERENCE TABLES

See following page
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A-1: Time of Sale: HPT8 New and Baseline Assumptions>57

EE Measure Description . Baseline Description Non:nal Wattsesase Incremental Wattssave
4-Lamp HPT8 w/ High-BF Ballast High-Bay 190 218.5 200 Watt Pulse Start Metal-Halide 200 232 $75 13.50
4-Lamp HPT8 w/ High-BF Ballast High-Bay 190 218.5 250 Watt Metal Halide 250 295 $75 76.50
6-Lamp HPT8 w/ High-BF Ballast High-Bay 287 330.05 320 Watt Pulse Start Metal-Halide 320 348.8 $75 18.75
6-Lamp HPT8 w/ High-BF Ballast High-Bay 287 330.05 400 Watt Pulse Start Metal Halide 400 455 $75 124.95
. . Proportionally Adjusted according to 6-Lamp
8-Lamp HPT8 w/ High-BF Ballast High-Bay 364 418.6 HPTS Equivalent to 320 PSMH 320 476 $75 57.40
. . Proportionally Adjusted according to 6-Lamp

8-Lamp HPT8 w/ High-BF Ballast High-Bay 364 418.6 HPTS Equivalent to 400 W Metal Halide 400 618 75 199.40
1-Lamp HPT8-high performance 32 w lamp 32 24.64 1-Lamp Standard F32T8 w/ Elec. Ballast 32 28.16 $15 3.52

1-Lamp HPT8-high performance 28 w lamp 29 22.33 1-Lamp Standard F32T8 w/ Elec. Ballast 32 28.16 $15 5.83

1-Lamp HPT8-high performance 25 w lamp 25 19.25 1-Lamp Standard F32T8 w/ Elec. Ballast 32 28.16 $15 8.91

2-Lamp HPT8 -high performance 32 w lamp 64 49.28 2-Lamp Standard F32T8 w/ Elec. Ballast 64 56.32 $18 7.04

2-Lamp HPT8-high performance 28 w lamp 56 43.12 2-Lamp Standard F32T8 w/ Elec. Ballast 64 56.32 $18 13.20
2-Lamp HPT8-high performance 25 w lamp 45 34.65 2-Lamp Standard F32T8 w/ Elec. Ballast 64 56.32 $18 21.67
3-Lamp HPT8-high performance 32 w lamp 94 72.38 3-Lamp Standard F32T8 w/ Elec. Ballast 96 84.48 $20 12.10
3-Lamp HPT8-high performance 28 w lamp 85 65.45 3-Lamp Standard F32T8 w/ Elec. Ballast 96 84.48 $20 19.03
3-Lamp HPT8-high performance 25 w lamp 75 57.75 3-Lamp Standard F32T8 w/ Elec. Ballast 96 84.48 $20 26.73
4-Lamp HPT8 -high performance 32 w lamp 122 93.94 4-Lamp Standard F32T8 w/ Elec. Ballast 128 112.64 $23 18.70
4-Lamp HPT8-high performance 28 w lamp 112 86.24 4-Lamp Standard F32T8 w/ Elec. Ballast 128 112.64 $23 26.40
4-Lamp HPT8-high performance 25 w lamp 100 77 4-Lamp Standard F32T8 w/ Elec. Ballast 128 112.64 $23 35.64
2-lamp High-Performance HPT8 Troffer 64 49.28 3-Lamp F32T8 w/ Elec. Ballast 96 84.48 $100 35.20

Table developed using a constant ballast factor of .77 for troffers/linear HPT8 and 1.15 for HPT8 highbay, 1.0 for all MH/MHPS, and 0.95 for T12 and 0.88 for
standard T8. Input wattages are an average of manufacturer inputs that account for ballast efficacy

557 Watt, lumen, lamp life, and ballast factor assumptions for efficient measures are based upon Consortium for Energy Efficiency (CEE) Commercial Lighting Qualifying Product
Lists. Watt, lumen, lamp life, and ballast factor assumptions for baseline fixtures are based upon manufacturer specification sheets. Baseline and efficient measure cost data
comes from lighting suppliers, past Efficiency Vermont projects, and professional judgment.
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A-2: Retrofit HPT8 New and Baseline Assumptions>°8

Full
o Nominal @ Ballast . o Nominal
EE Measure Description Watts Factor Wattsee Baseline Description Watts WattsBasSE | Wattssave Measure

Cost
4-Lamp HPT8 w/ High-BF Ballast High-Bay 190 1.15 218.5 200 Watt Pulse Start Metal-Halide 200 232 13.50 $200
4-Lamp HPT8 w/ High-BF Ballast High-Bay 190 1.15 218.5 250 Watt Metal Halide 250 295 76.50 $200
6-Lamp HPT8 w/ High-BF Ballast High-Bay 287 1.15 330.05 320 Watt Pulse Start Metal-Halide 320 348.8 18.75 $225
6-Lamp HPT8 w/ High-BF Ballast High-Bay 287 1.15 330.05 | 400 Watt Pulse Start Metal Halide 400 455 124.95 $225

. . Proportionally Adjusted according to 6-
8-Lamp HPT8 w/ High-BF Ballast High-Bay 364 1.15 418.6 Lamp HPTS Equivalent to 320 PSMH 320 476 57.40 $250
Proportionally Adjusted according to 6-
8-Lamp HPT8 w/ High-BF Ballast High-Bay 364 1.15 418.6 Lamp HPT8 Equivalent to 400 W Metal 400 618 199.40 $250
Halide

1-Lamp Relamp/Reballast T12 to HPT8 34 0.77 26.18 1-Lamp F34T12 w/ EEMag Ballast 34 42 15.82 S50
2-Lamp Relamp/Reballast T12 to HPT8 68 0.77 52.36 2-Lamp F34T12 w/ EEMag Ballast 68 67 14.64 $55
3-Lamp Relamp/Reballast T12 to HPT8 102 0.77 78.54 3-Lamp F34T12 w/ EEMag Ballast 102 104 25.46 S60
4-Lamp Relamp/Reballast T12 to HPTS 136 0.77 104.72 | 4-Lamp F34T12 w/ EEMag Ballast 136 144 39.28 S65
1-Lamp Relamp/Reballast T12 to HPT8 40 0.77 30.8 1-Lamp F40T12 w/ EEMag Ballast 40 41 10.20 S50
2-Lamp Relamp/Reballast T12 to HPT8 80 0.77 61.6 2-Lamp F40T12 w/ EEMag Ballast 80 87 25.40 $55
3-Lamp Relamp/Reballast T12 to HPT8 120 0.77 92.4 3-Lamp F40T12 w/ EEMag Ballast 120 141 48.60 S60
4-Lamp Relamp/Reballast T12 to HPTS 160 0.77 123.2 4-Lamp F40T12 w/ EEMag Ballast 160 172 48.80 S65
1-Lamp Relamp/Reballast T12 to HPT8 40 0.77 30.8 1-Lamp F40T12 w/ Mag Ballast 40 51 20.20 S50
2-Lamp Relamp/Reballast T12 to HPT8 80 0.77 61.6 2-Lamp F40T12 w/ Mag Ballast 80 97 35.40 S55
3-Lamp Relamp/Reballast T12 to HPT8 120 0.77 92.4 3-Lamp F40T12 w/ Mag Ballast 120 135 42.60 S60

558 Watt, lumen, lamp life, and ballast factor assumptions for efficient measures are based upon Consortium for Energy Efficiency (CEE) Commercial Lighting Qualifying Product
Lists. Watt, lumen, lamp life, and ballast factor assumptions for baseline fixtures are based upon manufacturer specification sheets. Baseline and efficient measure cost data
comes from lighting suppliers, past Efficiency Vermont projects, Xcel Energy Lighting Efficiency Input Wattage Guide and professional judgment.
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Full
o Nominal  Ballast . . Nominal
EE Measure Description Watts Factor Wattsee Baseline Description Watts WattsBasSE | Wattssave Measure

Cost
4-Lamp Relamp/Reballast T12 to HPT8 160 0.77 123.2 4-Lamp F40T12 w/ Mag Ballast 160 175 51.80 S65
1-Lamp Relamp/Reballast T8 to HPT8 32 0.77 24.64 1-Lamp F32T8 w/ Elec. Ballast 32 28.16 3.52 S50
2-Lamp Relamp/Reballast T8 to HPTS 64 0.77 49.28 2-Lamp F32T8 w/ Elec. Ballast 64 56.32 7.04 $55
3-Lamp Relamp/Reballast T8 to HPT8 96 0.77 73.92 3-Lamp F32T8 w/ Elec. Ballast 96 84.48 10.56 S60
4-Lamp Relamp/Reballast T8 to HPT8 128 0.77 98.56 4-Lamp F32T8 w/ Elec. Ballast 128 112.64 14.08 $65
2-lamp High-Performance HPT8 Troffer or | 0.77 49.28 | 3-Lamp F32T8 w/ Elec. Ballast 96 84.48 35.20 $100
high efficiency retrofit troffer

Table developed using a constant ballast factor of 0.77 for troffers/linear HPT8 and 1.15 for HPT8 highbay, 1.0 for all MH/MHPS, and 0.95 for T12 and 0.88 for
standard T8. Input wattages are an average of manufacturer inputs that account for ballast efficacy.
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A-3: RWT8 New and Baseline Assumptions

.. Nominal . — Base Lamp Nominal Measure

EE Measure Description Watts Wattsee EE Lamp Cost Baseline Description Cost Watts Wattsease Wattssave Cost
RW T8 - F28T8 Lamp 28 24.64 $4.50 F32 T8 Standard Lamp $2.50 32 28.16 3.52 $2.00
RWTS8 F2T8 Extra Life Lamp 28 24.64 $4.50 F32 T8 Standard Lamp $2.50 32 28.16 3.52 $2.00
RWTS - F32/25W T8 Lamp 25 22.00 $4.50 F32 T8 Standard Lamp $2.50 32 28.16 6.16 $2.00
RWTS - F32/25W T8 Lamp 25 22.00 $4.50 F32 T8 Standard Lamp $2.50 32 28.16 6.16 $2.00
Extra Life
RWT8 F17T8 Lamp - 2 ft 16 14.08 $4.80 F17 T8 Standard Lamp - 2ft $2.80 17 14.96 0.88 $2.00
RWT8 F25T8 Lamp - 3 ft 23 20.24 $5.10 F25 T8 Standard Lamp - 3ft $3.10 25 22.00 1.76 $2.00
m?e F30T8 Lamp -6 30 26.40 $11.31 F32 T8 Standard Utube $9.31 32 28.16 1.76 $2.00
RWTS8 F29T8 Lamp - Utube 29 25.52 $11.31 F32 T8 Standard Utube $9.31 32 28.16 2.64 $2.00
RWT8 F96T8 Lamp - 8 ft 65 57.20 $9.00 F96 T8 Standard Lamp - 8 ft $7.00 70 61.60 4.40 $2.00

Table developed using a constant ballast factor of 0.88 for RWT8 and Standard T8.
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B-1: Time of Sale T8 Component Costs and Lifetime55°

EE EE Lamp EE Base Base Base
Rep. EE EE Ballast Base Lamp Base Ballast Ballast
EE Measure Description Labor Ballast Ballast Rep. Baseline Description  Lamp Rep. Ballast . Rep.
! Life
Cost per Cost Life (hrs)  Labor Cost Labor Cost Labor
(hrs)
lamp Cost Cost Cost
4-Lamp HPT8 w/ High-BF 200 Watt Pulse Start
Ballast High-Bay $5.00 | 24000 $6.67 $32.50 70000 $15.00 Metal-Halide $21.00 | 10000 | $6.67 $87.75 40000 $22.50
6-Lamp HPT8 w/ High-BF | «c 5 | 54000 | $6.67 | $32.50 | 70000 | $15.00 | 320WattPulseStart | o) o)1 50000 | $6.67 | $109.35 | 40000 | $22.50
Ballast High-Bay Metal-Halide
. Lamp HPT8
8-lamp HPTS.W/ High-BF $5.00 | 24000 | $6.67 $32.50 | 70000 | $15.00 Equivalentto 320 | $21.00 | 20000 | $6.67 | $109.35 | 40000 | $22.50
Ballast High-Bay PSMH

1-Lamp HPT8 — all qualifying 1-Lamp Standard

N $5.00 | 24000 | $2.67 | $32.50 | 70000 | $15.00 F32T12 w/ Elec $2.50 | 20000 | $2.67 | $15.00 | 70000 | $15.00
P Ballast
e 2-Lamp Standard
2-Lamp HPTagm as"q”a"fy'”g $5.00 | 24000 | $2.67 | $32.50 | 70000 | $15.00 F32T12 w/ Elec $2.50 | 20000 | $2.67 | $15.00 | 70000 | $15.00
P Ballast
e 3-Lamp Standard
3-Lamp HPT:m i"q”a"fy'ng $5.00 | 24000 | $2.67 | $32.50 | 70000 | $15.00 F32T8 w/ Elec. $2.50 | 20000 | $2.67 | $15.00 | 70000 | $15.00
P Ballast
e 4-Lamp Standard
4-lamp HPTagm aS"q”a"fy'”g $5.00 | 24000 | $2.67 | $32.50 | 70000 | $15.00 F32T8 w/ Elec. $2.50 | 20000 | $2.67 | $15.00 | 70000 | $15.00
P Ballast
$32.50

3-Lamp F32T8 w/
Elec. Ballast

2-lamp High-Performance

HPTS Troffer $5.00 | 24000 $2.67 $32.50 70000 $15.00

$2.50 | 20000 | $2.67 | $15.00 70000 | $15.00

559 Watt, lumen, lamp life, and ballast factor assumptions for efficient measures are based upon Consortium for Energy Efficiency (CEE) Commercial Lighting Qualifying Product
Lists. Watt, lumen, lamp life, and ballast factor assumptions for baseline fixtures are based upon manufacturer specification sheets. Baseline and efficient measure cost data
comes from lighting suppliers, past Efficiency Vermont projects, and professional judgment
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B-2: T8 Retrofit Component Costs and Lifetime560

EE Lamp EE ENS

Rep. EE Base
P Ballast Ballast

Life
(hrs) (hrs)

EE

EE Measure Description Labor Ballast Life . Baseline Description Lamp
Cost per Cost Cost

lamp

4-Lamp HPT8 w/ High-BF 200 Watt Pulse Start
Ballost High-Bay $5.00 | 24000 | $6.67 | $32.50 | 70000 | $15.00 Metoltarie $29.00 | 12000 | $6.67 | $87.75 | 40000 | $22.50
6-Lamp HPT8 w/ High-BF |« ) | 51000 | ¢6.67 | $32.50 | 70000 | s15.00 | 320 WattPulseStart | <o) oo | 20000 | $6.67 | $109.35 | 40000 | $22.50
Ballast High-Bay Metal-Halide

Proportionally Adjusted

8-Lamp HPT8 w/ High-BF according to 6-Lamp
Ballast High-Bay $5.00 | 24000 $6.67 $32.50 | 70000 | $15.00 HPTS Equivalent to 320

PSMH

1-Lamp Relamp/Reballast 1-Lamp F34T12 w/
T12 to HPTS $5.00 | 24000 $2.67 $32.50 | 70000 | $15.00 EEMag Ballast

2-Lamp Relamp/Reballast 2-Lamp F34T12 w/
T12 to HPTS $5.00 | 24000 $2.67 $32.50 | 70000 | $15.00 EEMag Ballast

3-Lamp Relamp/Reballast 3-Lamp F34T12 w/
T12 to HPTS $5.00 | 24000 $2.67 $32.50 | 70000 $15.00 EEMag Ballast

4-Lamp Relamp/Reballast 4-Lamp F34T12 w/
T12 to HPT8 $5.00 | 24000 $2.67 $32.50 | 70000 | $15.00 EEMag Ballast

1-Lamp Relamp/Reballast T8 1-Lamp F32T8 w/ Elec.
amp Relamp/Reballas $5.00 | 24000 | $2.67 | $32.50 | 70000 | $15.00 ame w/ Elec
to HPT8 Ballast

2-Lamp Relamp/Reballast T8 2-Lamp F32T8 w/ Elec.
to HPTS $5.00 | 24000 $2.67 $32.50 | 70000 $15.00 Ballast

3-Lamp Relamp/Reballast T8 3-Lamp F32T8 w/ Elec.

$17.00 20000 | $6.67 | $109.35 | 40000 | $22.50

$2.70 20000 | $2.67 | $20.00 40000 | $15.00

$2.70 20000 | $2.67 | $20.00 40000 | $15.00

$2.70 20000 | $2.67 | $20.00 40000 | $15.00

$2.70 20000 | $2.67 | $20.00 40000 | $15.00

$2.70 20000 | $2.67 | $20.00 70000 | $15.00

$2.70 20000 | $2.67 | $20.00 70000 | $15.00

$5.00 | 24000 $2.67 $32.50 | 70000 | $15.00 $2.70 20000 | $2.67 | $20.00 70000 | $15.00

to HPT8 Ballast

4-Lamp Relamp/Reballast T8 | «c 0 | 54000 | $2.67 | $32.50 | 70000 | $15.00 | 4L2MPF32T8W/Elec. | o o0 | 50000 | $2.67 | $20.00 | 70000 | $15.00
to HPT8 Ballast

2-lamp High-Performance | o o | 50000 | $2.67 | $32.50 | 70000 | $15.00 | 3AMPF3ZTBW/Elec. | o o | 50000 | $2.67 | $15.00 | 70000 | $15.00
HPTS8 Troffer Ballast

560 Cost assumptions for baseline fixtures are based upon manufacturer specification sheets. Baseline and efficient measure cost data comes from lighting suppliers, past
Efficiency Vermont projects, and professional judgment
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B-3: Reduced Wattage T8 Component Costs and Lifetime561

. Base
EE measure description EE Lamp 3Ll Baseline Description Base Lamp Lamp Base Lamp Rep.
Cost (hrs) Cost . Labor Cost
Life (hrs)
RW T8 - F28T8 Lamp $4.50 30000 F32 T8 Standard Lamp $2.50 15000 $2.67
RWTS8 F2T8 Extra Life Lamp $4.50 36000 F32 T8 Standard Lamp $2.50 15000 $2.67
RWTS - F32/25W T8 Lamp $4.50 30000 F32 T8 Standard Lamp $2.50 15000 $2.67
E\;ZTS - F32/25W T8 Lamp Extra $4.50 36000 F32 T8 Standard Lamp $2.50 15000 $2.67
RWT8 F17T8 Lamp - 2 ft $4.80 18000 F17 T8 Standard Lamp - 2ft $2.80 15000 $2.67
RWT8 F25T8 Lamp - 3 ft $5.10 18000 F25 T8 Standard Lamp - 3ft $3.10 15000 $2.67
RWTS8 F30T8 Lamp - 6' Utube $11.31 24000 F32 T8 Standard Utube $9.31 15000 $2.67
RWT8 F29T8 Lamp - Utube $11.31 24000 F32 T8 Standard Utube $9.31 15000 $2.67
RWT8 F96T8 Lamp - 8 ft $9.00 24000 F96 T8 Standard Lamp - 8 ft $7.00 15000 $2.67

561 Cost assumptions for baseline fixtures are based upon manufacturer specification sheets. Baseline and efficient measure cost data comes from lighting suppliers, past
Efficiency Vermont projects, and professional judgment.
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C-1: T12 Baseline Adjustment:
For measures installed up to 6/1/2018, the full savings (as calculated above in the Algorithm section) will be
claimed up to 6/1/2018. A savings adjustment will be applied to the annual savings for the remainder of the

measure life. The adjustment to be applied for each measure is listed in the reference table below.

Savings Adjustment Factors

Savings

: Savings
Adjustment .
EE Measure Description T12 EEmag A:I!ums:ms:ItI:sltz e 2
P ballast and 34 J ballast and 40 w lamps to HPT8
EI s and 40 w lamps
HPTS to HPT8
1-Lamp Relamp/Reballast T12 to HPT8 47% 30% 20%
2-Lamp Relamp/Reballast T12 to HPT8 53% 30% 22%
3-Lamp Relamp/Reballast T12 to HPT8 42% 38% 21%
4-Lamp Relamp/Reballast T12 to HPT8 44% 29% 23%

Measures installed in 2016 will claim full savings for two years and 2017 for one year,. Savings adjustment factors
will be applied to the full savings for savings starting in 6/1/2018 and for the remainder of the measure life. The
savings adjustment is equal to the ratio between wattage reduction from T8 baseline to HPT8 and wattage
reduction from T12 EE ballast with 40 w lamp baseline from the table ‘T8 New and Baseline Assumptions’.562

Example: 2 lamp T8 to 2 lamp HPT8 retrofit saves 10 watts, while the T12 EE with 40 w lamp to HPT8 saves 33
watts. Thus the ratio of wattage reduced is 30%.

MEASURE CODE: CI-LTG-T8FX-V05-160601

562 See “HPRWT8_reference.xIsx” for more information.

EPE Program Downloads. Web accessed http://www.epelectricefficiency.com/downloads.asp?section=ci download Copy of
LSF_2012_v4.04_250rows.xls.

Kuiken et al, Focus on Energy Evaluation. Business Programs: Deemed Savings Manual v1.0, Kema, march 22, 2010 available at
http://www.focusonenergy.com/files/Document _Management System/Evaluation/bpdeemedsavingsmanuavl0 evaluationre
port.pdf Based on ComEd’s BILD program data from PY4 and PY5. For Residential installations, hours of use assumptions from
‘5.5.6 LED Downlights’ should be used for LED fixtures and ‘5.5.8 LED Screw Based Omnidirectional Bulbs’ should be used for
LED bulbs.
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4.5.4 LED Bulbs and Fixtures

DESCRIPTION

This characterization provides savings assumptions for a variety of LED lamps including Omnidirectional (e.g. A-
Type lamps), Decorative (e.g. Globes and Torpedoes) and Directional (PAR Lamps, Reflectors, MR16), and fixtures
including refrigerated case, recessed and outdoor/garage fixtures.

If the implementation strategy does not allow for the installation location to be known, a deemed split of 96%
Commercial and 4% Residential should be used®53,

This measure was developed to be applicable to the following program types: TOS, NC, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, new lamps must be Energy Star labeled. Lamps and fixtures should be
found in the reference tables below. Fixtures must be Energy Star labeled or on the Design Lights Consortium
qualifying fixture list.

DEFINITION OF BASELINE EQUIPMENT

Refer to the baseline tables. In 2012, Federal legislation stemming from the Energy Independence and Security Act
of 2007 (EIAS) required all general-purpose light bulbs between 40 watts and 100 watts to have ~30% increased
efficiency, essentially phasing out standard incandescent technology. In 2012, the 100 w lamp standards apply; in
2013 the 75 w lamp standards will apply, followed by restrictions on the 60 w and 40 w lamps in 2014.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

Lifetime is the life of the product, at the reported operating hours (lamp life in hours divided by operating hours
per year — see reference table "LED component Costs and Lifetime." The analysis period is the same as the
lifetime, capped at 15 years. (15 years from GDS Measure Life Report, June 2007).

DEEMED MEASURE COST

Wherever possible, actual incremental costs should be used. Refer to reference table “LED component Cost &
Lifetime” for defaults.

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape CO8 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting

Loadshape C12 - Warehouse Indoor Lighting

563 Based on final ComEd’s BILD program data from PY4,PY5 and PY6. For Residential installations, hours of use assumptions
from ‘5.5.6 LED Downlights’ should be used for LED fixtures and ‘5.5.8 LED Screw Based Omnidirectional Bulbs’ should be used
for LED bulbs.
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Loadshape C13 - K-12 School Indoor Lighting

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting

Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in the reference section below.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AKWh = ((Wattsbase-Wattsee)/1000) * Hours *WHFe*ISR
Where:

Wattsbase = Input wattage of the existing or baseline system. Reference the “LED New and
Baseline Assumptions” table for default values.

Wattsee = Actual wattage of LED purchased / installed. If unknown, use default provided below:

For ENERGY STAR rated lamps the following lumen equivalence tables should be used:
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Omnidirectional Lamps - ENERGY STAR Minimum Luminous Efficacy = 50Lm/W for <10W lamps and 55Lm/W for

>=10W lamps.
Lumens
Delta .
used to . Baseline Post Delta

o . LED Baseline Watts

Minimum Maximum calculate — EISA 2020 Watts

Wattage 2014-2019 2014- ] -
Lumens Lumens LED requirement Post 2020
(WattsEE) | (WattsBase) 2019
Wattage (WattsBase) (WattsEE)
T (WattsEE)
(midpoint)

5280 6209 5745 104.4 300.0 195.6 300.0 195.6
3000 5279 4140 75.3 200.0 124.7 200.0 124.7
2601 2999 2800 50.9 150.0 99.1 150.0 99.1
1490 2600 2045 37.2 72.0 34.8 454 8.3
1050 1489 1270 23.1 53.0 29.9 28.2 5.1
750 1049 900 16.4 43.0 26.6 20.0 3.6
310 749 530 9.6 29.0 19.4 11.8 2.1
250 309 280 5.6 25.0 19.4 25.0 19.4

Decorative Lamps - ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for all lamps

Nominal

Minimum
wattageof  jnitial light LED
lamp to be outputof  Wattage
replaced LED lamp  (wattse)
(Wattsbase) (lumens)
10 70 1.75 8.25
c 90 2.25 12.75
75 150 3.75 21.25
40 300 7.5 325
60 500 12.5 47.5

Decorative lamps are exempt from EISA regulations.

564 Based on ENERGY STAR specs — minimum luminous efficacy for Omnidirectional Lamps. For LED lamp power <10W = 50lm/W
and for LED lamp power >=10W = 55Im/W.

565 Calculated as 45Im/W for all EISA non-exempt bulbs.
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Directional Lamps - ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for lamps with rated
wattages less than 20Wand 50 Lm/W for lamps with rated wattages >= 20 watts566,

For Directional R, BR, and ER lamp types®67:

Lower Upper Bl GO LED

to calculate Delta
Bulb Type I;;r::e: I;{uar:e: Wattsease LED Wattage (‘(VNZ:::;ge) Watts
g & (midpoint) =
420 472 40 446 11 29
473 524 45 499 12 33
525 714 50 620 15 35
R, ER, BR with 715 937 65 826 21 44
medium sc;ew 938 1259 75 1099 22 53
bases w
diameter >2.25" 1260 1399 90 1330 27 63
(*see exceptions | 1400 1739 100 1570 31 69
below) 1740 2174 120 1957 39 81
2175 2624 150 2400 48 102
2625 2999 175 2812 56 119
3000 4500 200 3750 75 125
*R, BR, and ER 400 449 40 425 11 29
with medium 450 499 45 475 12 33
screw bases w/
diameter 500 649 50 575 14 36
<=2.25" 650 1199 65 925 23 42
400 449 40 425 11 29
*ER30, BR30,
BRA0, or ER40 450 499 45 475 12 33
500 649 50 575 14 36
*BR30, BR40, or
ERA0 650 1419 65 1035 21 44
400 449 40 425 11 29
*R20
450 719 45 585 15 30
*All reflector 200 299 20 250 6 14
lamps below
lumen ranges
specified above 300 399 30 350 9 21

Directional lamps are exempt from EISA regulations.

For PAR, MR, and MRX Lamps Types:

566 From pg 10 of the Energy Star Specification for lamps v1.1
567 From pg 11 of the Energy Star Specification for lamps v1.1
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For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP)
and beam angle measurements to accurately estimate the equivalent baseline wattage. The formula
below is based on the Energy Star Center Beam Candle Power tool.568 If CBCP and beam angle information
are not available or if the equation below returns a negative value (or undefined), use the manufacturer’s
recommended baseline wattage equivalent.56°

Wattsbase =

375.1 — 4.355(D) — /227,800 — 937.9(D) — 0.9903(D?) — 1479(BA) — 12.02(D = BA) + 14.69(BAZ) — 16,720 = In(CBCP)

Where:
D = Bulb diameter (e.g. for PAR20 D = 20)
BA = Beam angle
CBCP = Center beam candle power

The result of the equation above should be rounded DOWN to the nearest wattage established by Energy Star:

Diameter Permitted Wattages

16 20, 35, 40, 45, 50, 60, 75
20 50
308 40, 45, 50, 60, 75
30L 50, 75
38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250
Hours = Average hours of use per year are provided in the Reference Table in Section 4.5,

Screw based bulb annual operating hours, for each building type. If unknown, use the
Miscellaneous value.

WHFe = Waste heat factor for energy to account for cooling energy savings from efficient
lighting are provided below for each building type in the Referecne Table in Section 4.5.
If unknown, use the Miscellaneous value.

ISR = In Service Rate -the percentage of units rebated that actually get installed.

=100%°70 if application form completed with sign off that equipment is not placed into
storage. If sign off form not completed assume the following 3 year ISR assumptions:

568 http://energystar.supportportal.com/link/portal/23002/23018/Article/32655/

569 The Energy Star Center Beam Candle Power tool does not accurately model baseline wattages for lamps with certain bulb
characteristic combinations — specifically for lamps with very high CBCP.

570 |[linois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough
issue to warrant including an “In-Service Rate” when commercial customers complete an application form.
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Weighted Final
Average 1st 2nd year 3rd year Lifetime In

year In Service Installations Installations Service
Rate (ISR) Rate

95.7%°71 1.2% 1.1% 98.0%°2

HEATING PENALTY

If electrically heated building:
AKW hheatpenaly®’® = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

For example, For example, a 9W LED lamp, 450 lumens, is installed in a heat pump heated office in 2014
and sign off form provided:

AkWhheatpenaly = ((29-9/1000)*1.0*3088* -0.151
=-9.3 kWh

DEFERRED INSTALLS

As presented above, if a sign off form is not completed the characterization assumes that a percentage of bulbs
purchased are not installed until Year 2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory
Committee has determined the following methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

571 Based on ComEd’s BILD program data from PY5 and PY6, see “IL Commercial Lighting ISR_2014.xIs”.

572 |In the absence of any data for LEDs specifically it is assumed that the same proportion of bulbs eventually get installed as for
CFLS. The 98% CFL assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3
year installations should be counted as part of those future program year savings. Note that this Final Install Rate does NOT
account for leakage of purchased bulbs being installed outside of the utility territory. EM&V should assess how and if data from
evaluation should adjust this final installation rate to account for this impact

573Negative value because this is an increase in heating consumption due to the efficient lighting.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW =( (Wattsbase-Wattsee)/1000) * ISR * WHFq * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is provided in Referecne Table in Section 4.5. If unknown, use the
Miscellaneous value.
CF = Summer Peak Coincidence Factor for measure is provided in the Referecne Table in

Section 4.5. If unknown, use the Miscellaneous value.

For example, For example, a 9W LED lamp, 450 lumens, is installed in an office in 2014 and sign off form
provided:

AKW = ((29-9/1000)* 1.0*1.3*0.66
=0.002 kW

NATURAL GAS ENERGY SAVINGS

Heating Penalty if fossil fuel heated building (or if heating fuel is unknown):
ATherms = (((WattsBase-WattsEE)/1000) * ISR * Hours * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. Values are provided in the Referecne Table in Section 4.5. If
unknown, use the Miscellaneous value.

For example, For example, a 9W LED lamp, 450 lumens, is installed in an office in 2014 and sign off form
provided:

ATherms =((29-9/1000)*1.0*3088* -0.016
=-0.99 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION

For all measures except Standard Omnidirectional lamps (which have an EISA baseline shift) the individual
component lifetimes and costs are provided in the reference table section below®74.

In order to account for the falling EISA Qualified bulb replacement cost provided above, an equivalent annual
levelized baseline replacement cost over the lifetime of the LED bulb (assumed to be 25,000/4683 =5.3 years) is
calculatedS7. The key assumptions used in this calculation are documented below>¢:

574 See “LED Lighting Systems TRM Reference Tables” for breakdown of component cost assumptions.

575 See C&| OmniDirectional LED O&M Calc.xlIs” for more information. The values assume the non-residential average hours
assumption of 4683.

576 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to
Ameren.
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EISA Compliant

Std Inc. . CFL
2015 $0.34 $0.90 N/A
2016 $0.34 $0.80 N/A
2017 $0.34 $0.70 N/A
2018 $0.34 $0.60 N/A
2019 $0.34 $0.60 N/A
2020 & after $0.34 N/A $2.50

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.34% are presented below. It is important to note that for cost-effectiveness screening purposes, the O&M cost
adjustments should only be applied in cases where the light bulbs area actually in service and so should be
multiplied by the appropriate ISR:

Levelized annual replacement cost

NPV of replacement costs for period

savings
Location Lumen Level
June 2016 - | June 2017 - | June 2018 - June 2016- June 2017 - June 2018 -

May 2017 May 2018 May 2019 May 2017 May 2018 May 2019

Lumens <310 or >2600

6.88 6.88 6.88 1.51 1.51 1.51
(EISA exempt) ? > 5 $ S S

Commercial

Lumens 2310 and <

11.63 9.52 7.76 2.55 2.09 1.70
2600 (EISA compliant) ? ? s $ $ $

Lumens <310 or >2600 $7.03 $7.03 $7.03 $1.72 $1.72 $1.72
Multi Family | (hon_EISA compliant) ' ‘ ‘ ' ' ’

Common

Lumens =310 and <
Areas _ $12.69 $10.28 $8.28 $3.11 $2.52 $2.03
2600 (EISA compliant)

For halogen bulbs, we assume the same replacement cycle as incandescent bulbs.5”7 The replacement cycle is
based on the miscellaneous hours of use. Both incandescent and halogen lamps are assumed to last for 1,000
hours before needing replacement and CFLs after 10,000 hours.

577 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas
rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.
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REFERENCE TABLES

LED Bulb Assumptions

Wherever possible, actual incremental costs should be used. If unavailable assume the following incremental
costs®78:

Bulb Type LED Wattage LED Incandescent |ncrzf:s‘i“ta|
Directional < 20w $22.42 $6.31 $16.11
220W 570.78 $64.47
Decorative and <I>W $12.76 $8.84
Globe 15t0<25W | $25.00 $3.92 $21.08
225W $25.00 $21.08

Directional and Decorative O&M; apply incandescent cost assumption provided above with a frequency calculated
by dividing the assumed rated life of the baseline bulb (1000 hours) by the building specific hours of use
assumption.

578 LED lamp costs are based on VEIC review of a year’s worth of LED sales data through VEIC implemented programs and the
retail cost averaged (see 2015 LED Sales Review.xls). Baseline cost based on “2010-2012 WAO017 Ex Ante Measure Cost Study
Draft Report”, Itron, February 28, 2014. Given LED prices are expected to continue declining assumed costs should be
reassessed on an annual basis and replaced with IL specific LED program information when available.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 377 of 493



lllinois Statewide Technical Reference Manual- 4.5.4 LED Bulbs and Fixtures

LED Fixture Wattage and Incremental Cost Assumptions>7°

Mid Life
. . o Incremental Savings
LED Category EE Measure Description Wattsee Baseline Description Wattsease Cost Adjustment
(2018)
LED LED Recessed, Surface Baseline LED Recessed
Dpwnlnght Pendant Downlights 17.6 Surface, Pendant Downlights >4.3 %27 N/A
Fixtures
. LED Track Lighting 12.2 Baseline LED Track Lighting 60.4 $59 N/A
LED Interior
Directional i -
LED Wall-Wash Fixtures g3 | BaselineLED Wall-Wash 17.7 $59 N/A
Fixtures
LED Display Case Light 7.1 per | Baseline LED Display Case 36.2 per
Fixture ft Light Fixture ft L N/A
LED Undercabinet Shelf- 71 per Baseline LED Undercabinet 36.2 per
Mounted Task Light ’ ftp Shelf-Mounted Task Light .ftp S11/ft N/A
Fixtures Fixtures
LED Display - - -
Case LED Refrigerated Case 7.6 per Baseline LED Refrigerated Case 15.2 per
Light, Horizontal or ’ ft Light, Horizontal or Vertical 'ft S11/ft N/A
Vertical (per foot)
. Baseline LED Freezer Case
LED.Freezer Case Flght’ 7.7 per Light, Horizontal or Vertical 18.7 per S11/ft N/A
Horizontal or Vertical ft ft
(per foot)
LED 4' Li Repl :20T12:T8; L ly 32
LED Linear inear Replacement 18.7 80:20 8; Lamp Only 32w 336 $24 39%
Lamp T8:34w T12
Replacement LED 2' Linear Replacement 80:20 T12:T8; Lamp Only 17w
Lamps ’ Y 9
P Lamp 9.7 1820w T12 19.4 $13 75%
LED 2x2 Recessed Light 80:20 T12:Standard T8 2-Lamp o
Fixture, 2000-3500 lumens 341 32w T8, 2-Lamp 34w T12 61.0 »48 85%
LED 2x2 Recessed Light 80:20 T12:Standard T8 3-Lamp 0
Fixture, 3501-5000 lumens 42.8 32w T8, 3-Lamp 34w T12 103.3 »91 69%
LED 2x4 Recessed Light 80:20 T12:Standard T8 2-Lamp 0
Fixture, 3000-4500 lumens 37.3 32w T8, 2-Lamp 34w T12 61.0 562 83%
LED 2x4 Recessed Light 80:20 T12:Standard T8 3-Lamp o
LED Troffers | i ture, 4501-6000 lumens | °+> | 32w T8, 3-Lamp 34w T12 103.3 299 62%
LED 2x4 Recessed Light 80:20 T12:Standard T8 4-Lamp o
Fixture, 6001-7500 lumens 2.7 32w T8, 4-Lamp 34w T12 137.7 3150 61%
LED 1x4 Recessed Light 80:20 T12:Standard T8 1-Lamp 0
Fixture, 1500-3000 lumens 18.1 32w T8, 1-Lamp 34w T12 30.6 536 88%
LED 1x4 Recessed Light 80:20 T12:Standard T8 2-Lamp o
Fixture, 3001-4500 lumens 39.6 32w T8, 2-Lamp 34w T12 61.0 >76 81%

579 Watt, lumen, lamp life, and ballast factor assumptions for efficient measures are based upon Consortium for Energy
Efficiency (CEE) Commercial Lighting Qualifying Product Lists alongside past Efficiency Vermont projects and PGE refrigerated
case study. Watt, lumen, lamp life, and ballast factor assumptions for baseline fixtures are based upon manufacturer
specification sheets. Baseline cost data comes from lighting suppliers, past Efficiency Vermont projects, and professional
judgment. Efficient cost data comes from 2012 DOE “Energy Savings Potential of Solid-State Lighting in General Illumination
Applications”, Table A.1. See "LED Lighting Systems TRM Reference Tables.xIsx" for more information and specific product
links.
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LED Category

EE Measure Description

Wattsee

Baseline Description

Wattsgase

Incremental

Cost

Mid Life
Savings
Adjustment
(2018)

LED 1x4 Recessed Light 80:20 T12:Standard T8 3-Lamp o
Fixture, 4501-6000 lumens >3.1 32w T8, 3-Lamp 34w T12 103.3 »130 62%
LED Surface & Suspended
. . _ 80:20 T12:Standard T8 1-Lamp o
Linear Fixture, <= 3000 19.7 32w T8, 1-Lamp 34w T12 30.6 S54 86%
lumens
LED Surface & Suspended
. . 80:20 T12:Standard T8 2-Lamp o
Linear Fixture, 3001-4500 37.8 32w T8, 2-Lamp 34w T12 61.0 $104 83%
lumens
LED Linear LED Surface & Suspended ) .
Ambient Linear Fixture, 4501-6000 559 | S020Ti2:Standard T8 3-Lamp | ;4 $158 60%
. 32w T8, 3-Lamp 34w T12
Fixtures lumens
LED Surface & Suspended
Linear Fixture, 6001-7500 62.6 TS5HO 2L-F54T5HO - 4' 120.0 $215 N/A
lumens
LED Surface & Suspended
Linear Fixture, > 7500 95.4 T5HO 3L-F54T5HO - 4' 180.0 $374 N/A
lumens
LED Low-Bay Fixtures, <=
10,000 lumens 90.3 3-Lamp T8HO Low-Bay 157.0 $191 N/A
LED High & LED High-Bay Fixtures, .
127.5 4-L T8HO High-B 196.0 331 N/A
Low Bay 10,001-15,000 lumens amp '1gh-=ay ? /
Fixtures LED High-Bay Fixtures, .
15,001-20,000 lumens 191.0 6-Lamp T8HO High-Bay 294.0 5482 N/A
LED High-Bay Fixtures, > .
20,000 lumens 249.7 8-Lamp T8HO High-Bay 392.0 $818 N/A
LED Ag Interior Fixtures, <= 25% 73 Watt EISA Inc, 75% 1L
2,000 lumens 17.0 T8 42.0 »33 N/A
LED Ag Interior Fixtures, 25% 146 Watt EISA Inc, 75% 2L
2,001-4,000 lumens 27.8 T8 81.0 »54 N/A
LED Ag Interior Fixtures, 25% 217 Watt EISA Inc, 75% 3L
4,001-6,000 lumens >1.2 T8 121.0 3125 N/A
LED LED Ag Interior Fixtures, 25% 292 Watt EISA Inc, 75% 4L
71.7 159.0 190 N/A
Agricultural 6,001-8,000 lumens T8 5 /
Interior LED Ag Interior Fixtures, .
Fixtures 8,001-12,000 lumens 103.5 200W Pulse Start Metal Halide 227.3 $298 N/A
LED Ag Interior Fixtures, .
12,001-16,000 lumens 143.8 320W Pulse Start Metal Halide 363.6 $450 N/A
LED Ag Interior Fixtures, .
16,001-20,000 lumens 183.3 350W Pulse Start Metal Halide 397.7 $595 N/A
LED Ag Interior Fixtures, > (2) 320W Pulse Start Metal
20,000 lumens 305.0 Halide 7273 3998 N/A
, LED Exterior Fixtures, <= 42.6 | 100W Metal Halide 1136 $190 N/A
LED Exterior 5,000 lumens
Fixtures LED Exterior Fixtures, .
5 001-10,000 lumens 68.2 175W Pulse Start Metal Halide 198.9 $287 N/A
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Mid Life
Incremental Savings

LED Cat EEM Descripti Watt Baseline Descripti Watt
ategory easure Description attsee aseline Description attsease Cost Adjustment

(2018)

LED Exterior Fixtures, .

10,001-15,000 lumens 122.5 250W Pulse Start Metal Halide 284.1 $391 N/A
LED Exterior Fixtures, > 2150 | 400W Pulse Start Metal Halide | 4545 $793 N/A
15,000 lumens

LED Fixture Component Costs & Lifetime®>&°

EE Measure Baseline

Total LED Total LED Total Total

LED EE Measure Lamp Driver Driver Lamp Ba!last Ballast
o . Life
Category Description Replacem Life Replacem Replacem Replacem
(hrs)
ent Cost (hrs) ent Cost ent Cost ent Cost
LED LED Recessed,
Downlight Surface, Pendant 50,000 $30.75 70,000 $47.50 2,500 $8.86 40,000 $14.40
Fixtures Downlights
LED LED Track Lighting 50,000 $39.00 70,000 $47.50 2,500 $12.71 40,000 $11.00
Interior LED Wall-Wash
Directional Fixtur; as 50,000 | $39.00 | 70,000 | $47.50 | 2,500 $9.17 | 40,000 | $27.00
LED Display Case | o) 000 | 0.75/ft | 70,000 | $11.88/f¢ | 2,500 $6.70 | 40,000 | $5.63

Light Fixture

LED Undercabinet
Shelf-Mounted 50,000 $9.75/ft 70,000 | S$11.88/ft 2,500 $6.70 40,000 $5.63
Task Light Fixtures
LED Display | LED Refrigerated
Case Case Light,
Horizontal or
Vertical

LED Freezer Case
Light, Horizontal or | 50,000 $7.88/ft 70,000 $7.92/ft 12,000 $0.94 40,000 $6.67

50,000 $8.63/ft 70,000 $9.50/ft 15,000 $1.13 40,000 $8.00

Vertical
. LED 4" Linear 50,000 | $857 | 70,000 | $13.67 | 24000 | $6.17 | 40,000 | $11.96

LED Linear Replacement Lamp

Replaceme LED 2' Li

nt Lamps inear 50,000 $5.76 70,000 | $13.67 | 24,000 $6.17 40,000 | $11.96
Replacement Lamp

LED LED 2x2 Recessed

Troffers Light Fixture, 2000- | 50,000 | $46.68 | 70,000 | $40.00 | 24,000 | $26.33 | 40,000 | $35.00

3500 lumens

580 Note some measures have blended baselines (T12:T8 80:20). All values are provided to enable calculation of appropriate
O&M impacts. Total costs include lamp, labor and disposal cost assumptions where applicable, see “IL LED Lighting Systems
TRM Tables” for more information.
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EE Measure Baseline

Total LED Total LED Total Total
Lamp Lamp Ballast

LED EE Measure
Category Description

Lamp Driver Driver . Lamp . Ballast
. Life Life
Replacem Life Replacem (hrs) Replacem (hrs) Replacem
ent Cost (hrs) ent Cost ent Cost ent Cost

Life
(hrs)

LED 2x2 Recessed
Light Fixture, 3501- | 50,000 $56.31 70,000 $40.00 24,000 $39.50 40,000 $35.00
5000 lumens

LED 2x4 Recessed
Light Fixture, 3000- | 50,000 $49.58 70,000 $40.00 24,000 $12.33 40,000 $35.00
4500 lumens

LED 2x4 Recessed
Light Fixture, 4501- | 50,000 $57.76 70,000 $40.00 24,000 $18.50 40,000 $35.00
6000 lumens

LED 2x4 Recessed
Light Fixture, 6001- | 50,000 $68.89 70,000 $40.00 24,000 $24.67 40,000 $35.00
7500 lumens

LED 1x4 Recessed
Light Fixture, 1500- | 50,000 $43.43 70,000 $40.00 24,000 $6.17 40,000 $35.00
3000 lumens

LED 1x4 Recessed
Light Fixture, 3001- | 50,000 $52.31 70,000 $40.00 24,000 $12.33 40,000 $35.00
4500 lumens

LED 1x4 Recessed
Light Fixture, 4501- | 50,000 $63.86 70,000 $40.00 24,000 $18.50 40,000 $35.00
6000 lumens

LED Surface &
Suspended Linear
Fixture, <= 3000
lumens

LED Surface &
Suspended Linear
Fixture, 3001-4500
lumens

LED Surface &

50,000 $45.01 70,000 $40.00 24,000 $6.17 40,000 $35.00

50,000 $58.73 70,000 $40.00 24,000 $12.33 40,000 $35.00

LED Linear Suspended Linear
,I:r;tl);reer;t Fixture, 4501-6000 50,000 $73.50 70,000 $40.00 24,000 $18.50 40,000 $35.00

lumens

LED Surface &
Suspended Linear
Fixture, 6001-7500
lumens

LED Surface &
Suspended Linear
Fixture, > 7500
lumens

LED High & | LED Low-Bay

Low Bay Fixtures, <= 10,000

50,000 $88.69 70,000 $40.00 30,000 $26.33 40,000 $60.00

50,000 $123.91 70,000 $40.00 30,000 $39.50 40,000 $60.00

50,000 $90.03 70,000 $62.50 18,000 $64.50 40,000 $92.50

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 381 of 493



lllinois Statewide Technical Reference Manual- 4.5.4 LED Bulbs and Fixtures

EE Measure Baseline

i Total LED Total LED Total Ballast Total
LED EE Measure . Lamp Driver Driver Lamp . Ballast
. Life ! Life
Category Description (hrs) Replacem Life Replacem Replacem (hrs) Replacem
ent Cost (hrs) ent Cost ent Cost ent Cost
Fixtures lumens
LED High-Bay
Fixtures, 10,001- 50,000 $122.59 70,000 $62.50 18,000 $86.00 40,000 $92.50
15,000 lumens
LED High-Bay
Fixtures, 15,001- 50,000 $157.22 70,000 $62.50 18,000 $129.00 40,000 $117.50
20,000 lumens
LED High-Bay
Fixtures, > 20,000 50,000 $228.52 70,000 $62.50 18,000 $172.00 40,000 $142.50
lumens
LED Ag Interior
Fixtures, <= 2,000 50,000 $37.00 70,000 $40.00 1,000 $1.23 40,000 $26.25
lumens
LED Ag Interior
Fixtures, 2,001- 50,000 $44.96 70,000 $40.00 1,000 $1.43 40,000 $26.25

4,000 lumens
LED Ag Interior
Fixtures, 4,001- 50,000 $63.02 70,000 $40.00 1,000 $1.62 40,000 $26.25
6,000 lumens
LED Ag Interior

LED Fixtures, 6,001- 50,000 $79.78 70,000 $40.00 1,000 $1.81 40,000 $26.25
Agricultural | 8,000 lumens

Interior LED Ag Interior

Fixtures Fixtures, 8,001- 50,000 $119.91 70,000 $62.50 15,000 $63.00 40,000 $112.50

12,000 lumens
LED Ag Interior
Fixtures, 12,001- 50,000 $151.89 70,000 $62.50 15,000 $68.00 40,000 $122.50
16,000 lumens
LED Ag Interior
Fixtures, 16,001- 50,000 $184.62 70,000 $62.50 15,000 $73.00 40,000 $132.50
20,000 lumens
LED Ag Interior
Fixtures, > 20,000 50,000 $285.75 70,000 $62.50 15,000 $136.00 40,000 $202.50
lumens

LED Exterior
Fixtures, <= 5,000 50,000 $86.92 70,000 $62.50 15,000 $58.00 40,000 $102.50

LED lumens
Exteri LED Exterior
Fi’;tirr'zg Fixtures, 5,001- 50,000 | $111.81 | 70,000 | $62.50 | 15,000 | $63.00 | 40,000 | $112.50

10,000 lumens
LED Exterior
Fixtures, 10,001-

50,000 $138.32 70,000 $62.50 15,000 $68.00 40,000 $122.50
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LED
Category

EE Measure
Description

15,000 lumens

EE Measure

Total LED
Lamp Driver

Replacem Life

ent Cost (hrs)

Total LED
Driver
Replacem
ent Cost

Baseline

Total
Lamp
Replacem
ent Cost

Ballast
Life
(hrs)

Total
Ballast
Replacem
ent Cost

LED Exterior

Fixtures, > 15,000 50,000 $223.67 70,000 $62.50 15,000 $73.00 40,000 $132.50
lumens

MEASURE CoDE: CI-LTG-LEDB-V05-160601
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4.5.5 Commercial LED Exit Signs

DESCRIPTION

This measure characterizes the savings associated with installing a Light Emitting Diode (LED) exit sign in place of a
fluorescent or incandescent exit sign in a Commercial building. Light Emitting Diode exit signs have a string of very
small, typically red or green, glowing LEDs arranged in a circle or oval. The LEDs may also be arranged in a line on
the side, top or bottom of the exit sign. LED exit signs provide the best balance of safety, low maintenance, and
very low energy usage compared to other exit sign technologies.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be an exit sign illuminated by LEDs.
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a fluorescent or incandescent model.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 16 years®8l,

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $30582,

LOADSHAPE

Loadshape C53 - Flat

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 100%583,

581 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, December 16, 2008.

582 NYSERDA Deemed Savings Database, Labor cost assumes 25 minutes @ $18/hr.

583 Assuming continuous operation of an LED exit sign, the Summer Peak Coincidence Factor is assumed to equal 1.0.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((WattsBase - WattsEE) / 1000) * HOURS * WHF.

Where:
WattsBase = Actual wattage if known, if unknown assume the following:
Incandescent 35584
Fluorescent 11W58
Unknown (e.g. time of sale) 2388
WattsEE = Actual wattage if known, if unknown assume 2W587
HOURS = Annual operating hours
= 8766
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient

lighting are provided for each building type in the Referecne Table in Section 4.5. If
unknown, use the Miscellaneous value.

For example, replacing incandescent fixture in an office
AKWH =(35-2)/1000 * 8766 * 1.25
=362 kWh
For example, replacing fluorescent fixture in a hospital
AKWH =(11-2)/1000 * 8766 * 1.35
=106.5 kWh

HEATING PENALTY
If electrically heated building:

AkW hheatpenaly®®® = (((WattsBase-WattsEE)/1000) * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the

584 Based on review of available product.

585 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

586 ComEd has been using a weighted baseline of 70 percent incandescent and 30 percent compact fluorescent, reflecting
program experience and a limited sample of evaluation verification findings that we consider to be reasonable (Navigant,
through comment period February 2013)

587 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

588Negative value because this is an increase in heating consumption due to the efficient lighting.
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increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section

4.5. If unknown, use the Miscellaneous value.

For example, replacing incandescent fixture in a heat pump heated office
AkWhheatpenatty = (35 —2)/1000 * 8766 * -0.151
=-43.7 kWh
For example, replacing fluorescent fixture in a heat pump heated hospital
AkWhheatpenaity = (11 —2)/1000 * 8766 * -0.104
=-8.2 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase - WattsEE) / 1000) * WHFq4 * CF
Where:
WHFq = Waste heat factor for demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If unknown, use the
Miscellaneous value..
CF = Summer Peak Coincidence Factor for measure

=1.0

For example, replacing incandescent fixture in an office
AkW  =(35-2)/1000 * 1.3 *1.0
=0.043 kW
For example, replacing fluorescent fixture in a hospital
AkW =(11-2)/1000 * 1.69 * 1.0
=0.015 kW

NATURAL GAS SAVINGS

Heating Penalty if natural gas heated building (or if heating fuel is unknown):
Atherms = (((WattsBase-WattsEE)/1000) * Hours *- IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. Values are provided in the Referecne Table in Section 4.5. If

unknown, use the Miscellaneous value.
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For example, replacing incandescent fixture in an office

ATherms =(35-2)/1000 * 8766 * -0.016
=-4.63 Therms

For example, replacing fluorescent fixture in a hospital

ATherms =(11-2)/1000 * 8766 * -0.011
=-0.87 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION

The annual O&M Cost Adjustment savings should be calculated using the following component costs and lifetimes.

‘ Baseline Measures

Component | Cost Life (yrs)

Lamp $7.00589 1.37 years>®0

MEASURE CoDE: CI-LTG-LEDE-V02-140601

589 Consistent with assumption for a Standard CFL bulb with an estimated labor cost of $4.50 (assuming $18/hour and a task
time of 15 minutes).
530 Assumes a lamp life of 12,000 hours and 8766 run hours 12000/8766 = 1.37 years.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 387 of 493



Illinois Statewide Technical Reference Manual- 4.5.6 LED Traffic and Pedestrian Signals

4.5.6 LED Traffic and Pedestrian Signals

DESCRIPTION

Traffic and pedestrian signals are retrofitted to be illuminated with light emitting diodes (LED) instead of
incandescent lamps. Incentive applies for the replacement or retrofit of existing incandescent traffic signals with
new LED traffic and pedestrian signal lamps. Each lamp can have no more than a maximum LED module wattage
of 25. Incentives are not available for spare lights. Lights must be hardwired and single lamp replacements are not
eligible, with the exception of pedestrian hand signals. Eligible lamps must meet the Energy Star Traffic Signal
Specification and the Institute for Transportation Engineers specification for traffic signals.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Refer to the Table titled ‘Traffic Signals Technology Equivalencies’ for efficient technology wattage and savings
assumptions.

DEFINITION OF BASELINE EQUIPMENT

Refer to the Table titled ‘Traffic Signals Technology Equivalencies’ for baseline efficiencies and savings
assumptions.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The assumed lifetime of an LED traffic signal is 100,000 hours (manufacturer’s estimate), capped at 10 years.>*! The
life in years is calculated by dividing 100,000 hrs by the annual operating hours for the particular signal type.

DEEMED MEASURE COST

The actual measure installation cost should be used (including material and labor).

LOADSHAPE
Loadshape C24 - Traffic Signal - Red Balls, always changing or flashing
Loadshape C25 - Traffic Signal - Red Balls, changing day, off night
Loadshape C26 - Traffic Signal - Green Balls, always changing
Loadshape C27 - Traffic Signal - Green Balls, changing day, off night
Loadshape C28 - Traffic Signal - Red Arrows
Loadshape C29 - Traffic Signal - Green Arrows
Loadshape C30 - Traffic Signal - Flashing Yellows
Loadshape C31 - Traffic Signal - “Hand” Don’t Walk Signal
Loadshape C32 - Traffic Signal - “Man” Walk Signal
Loadshape C33 - Traffic Signal - Bi-Modal Walk/Don’t Walk

591 ACEEE, (1998) A Market Transformation Opportunity Assessment for LED Traffic Signals, http://www.ceel.org/gov/led/led-
ace3/ace3led.pdf
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COINCIDENCE FACTOR®%2

The summer peak coincidence factor (CF) for this measure is dependent on lamp type as below:

Lamp Type CF
Red Round, always changing or flashing 0.55
Red Arrows 0.90
Green Arrows 0.10
Yellow Arrows 0.03
Green Round, always changing or flashing 0.43
Flashing Yellow 0.50
Yellow Round, always changing 0.02
“Hand” Don’t Walk Signal 0.75
“Man” Walk Signal 0.21

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWh = (Whbase - Weft) x HOURS / 1000

Where:
Whbase =The connected load of the baseline equipment
= see Table ‘Traffic Signals Technology Equivalencies’
Weff =The connected load of the baseline equipment
= see Table ‘Traffic Signals Technology Equivalencies’
EFLH = annual operating hours of the lamp
= see Table ‘Traffic Signals Technology Equivalencies’
1000 = conversion factor (W/kW)
EXAMPLE

For example, an 8 inch red, round signal:
AkWh  =((69 - 7) x 4818) / 1000
=299 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (Wbase— Weff) x CF / 1000

592 | bid
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Where:
Whbase =The connected load of the baseline equipment
= see Table ‘Traffic Signals Technology Equivalencies’
Weff =The connected load of the efficient equipment
= see Table ‘Traffic Signals Technology Equivalencies’
CF = Summer Peak Coincidence Factor for measure
EXAMPLE

For example, an 8 inch red, round signal:
AkW =((69 —7) x 0.55) / 1000
=0.0341 kW

NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
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REFERENCE TABLES

Traffic Signhals Technology Equivalencies®®

Traffic Fixture Fixture Size Efficient Baseline Efficient Ba.seline Ene.rgy

Tupe and Color i b HOURS Fixture Fixture .Savmgs

Wattage Wattage (in kWh)
Round Signals 8” Red LED Incandescent | 4818 7 69 299
Round Signals 12” Red LED Incandescent | 4818 6 150 694
Flashing Signal®®* 8” Red LED Incandescent | 4380 7 69 272
Flashing Signal 12” Red LED Incandescent | 4380 6 150 631
Flashing Signal 8” Yellow LED Incandescent | 4380 10 69 258
Flashing Signal 12" Yellow LED Incandescent | 4380 13 150 600
Round Signals 8” Yellow LED Incandescent 175 10 69 10
Round Signals 12" Yellow LED Incandescent 175 13 150 24
Round Signals 8” Green LED Incandescent | 3767 9 69 266
Round Signals 12" Green LED Incandescent | 3767 12 150 520
Turn Arrows 8” Yellow LED Incandescent 701 7 116 76
Turn Arrows 12” Yellow LED Incandescent 701 9 116 75
Turn Arrows 8” Green LED Incandescent 701 7 116 76
Turn Arrows 12” Green LED Incandescent 701 7 116 76
Pedestrian Sign 12” Hand/Man LED Incandescent 8766 8 116 946

Reference specifications for above traffic signal wattages are from the following manufacturers:

1. 8” Incandescent traffic signal bulb: General Electric Traffic Signal Model 17325-69A21/TS

2. 12” Incandescent traffic signal bulb: General Electric Signal Model 35327-150PAR46/TS

3. Incandescent Arrows & Hand/Man Pedestrian Signs: General Electric Traffic Signal Model 19010-
116A21/TS

8” and 12” LED traffic signals: Leotek Models TSL-ESO8 and TSL-ES12

8” LED Yellow Arrow: General Electric Model DR4-YTA2-01A

8” LED Green Arrow: General Electric Model DR4-GCA2-01A

12” LED Yellow Arrow: Dialight Model 431-3334-001X

12: LED Green Arrow: Dialight Model 432-2324-001X

LED Hand/Man Pedestrian Sign: Dialight 430-6450-001X

O NU A

MEASURE CoDE: CI-LTG-LEDT-V01-120601

593 Technical Reference Manual for Pennsylvania Act 129 Energy Efficiency and Conservation Program and Act 213 Alternative
Energy Portfolio Standards. Pennsylvania Public Utility Commission. May 2009
594 Technical Reference Manual for Ohio, August 6, 2010
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4.5.7 Lighting Power Density

DESCRIPTION

This measure relates to installation of efficient lighting systems in new construction or substantial renovation of
commercial buildings excluding low rise (three stories or less) residential buildings. Substantial renovation is when
two or more building systems are renovated, such as shell and heating, heating and lighting, etc. State Energy
Code specifies a lighting power density level by building type for both the interior and the exterior. Either the
Building Area Method or Space by Space method as defined in IECC 2012 or 2015, depending on the IECC in effect
on the date of the building permit (if unknown assume IECC 2015)., can be used for calculating the Interior Lighting
Power Density®%®. The measure consists of a design that is more efficient (has a lower lighting power density in
watts/square foot) than code requires. The IECC applies to both new construction and renovation.

This measure was developed to be applicable to the following program types: NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the lighting system must be more efficient than the baseline Energy
Code lighting power density in watts/square foot for either the interior space or exterior space.

DEFINITION OF BASELINE EQUIPMENT

The baseline is assumed to be a lighting power density that meets IECC 2012 or 2015, depending on the IECC in
effect on the date of the building permit (if unknown assume IECC 2015)..

DEEMED CALCULATION FOR THIS MEASURE
Annual kWh Savings
AkWh = (WSFbase-WSFeffic )/1000* SF* Hours * WHFe
Summer Coincident Peak kW Savings

AW = (WSFbase-WSFeffic )/1000* SF* CF * WHFq

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years>%

DEeMED MEASURE COST

The actual incremental cost over a baseline system will be collected from the customer if possible or developed on
a fixture by fixture basis.

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape C08 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting

Loadshape C10 - Restaurant Indoor Lighting

595 Refer to the referenced code documents for specifics on calculating lighting power density using either the whole building
method (IECC) or the Space by Space method (ASHRAE 90.1).

596 Measure Life Report, Residential and Commercial/Industrial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007.
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Loadshape C11 - Retail Indoor Lighting

Loadshape C12 - Warehouse Indoor Lighting

Loadshape C13 - K-12 School Indoor Lighting

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)

Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)

Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)

Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)

Loadshape C18 - Industrial Indoor Lighting

Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the building type.

Algorithm

CALCULATION OF SAVINGS

ENERGY SAVINGS

AkWh = (WSFbase-WSFeffic )/1000* SF* Hours * WHFe

Where:
WSFbase

WSFeffic
SF

Hours

WHF.

HEATING PENALTY

= Baseline lighting watts per square foot or linear foot as determined by building or
space type. Whole building analysis values are presented in the Reference Tables
below.597

= The actual installed lighting watts per square foot or linear foot.

= Provided by customer based on square footage of the building area applicable to the
lighting design for new building.

= Annual site-specific hours of operation of the lighting equipment collected from the
customer. If not available, use building area type as provided in the Reference Table in
Section 4.5, Fixture annual operating hours.

= Waste Heat Factor for Energy to account for cooling savings from efficient lighting is as
provided in the Reference Table in Section 4.5 by buidling type. If building is not cooled
WHFe is 1.

If electrically heated building:

AkWhheatpenalty598 = (WSFbase'WSFefﬁc )/1000* SF* Hours * -IFkWh

Where:

597See IECC 2012 and 2015 - Reference Code documentation for additional information.
59%8Negative value because this is an increase in heating consumption due to the efficient lighting.
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IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = (WSFoase-WSFefiic )/1000* SF* CF * WHFq
Where:

WHFq4 = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is as provided in the Reference Table in Section 4.5 by buidling type. If
building is not cooled WHFd is 1.

CF = Summer Peak Coincidence Factor for measure is as provided in the Reference Table in
Section 4.5 by buidling type. If the building type is unknown, use the Miscellaneous
value of 0.66.

Other factors as defined above

NATURAL GAS ENERGY SAVINGS
ATherms = (WSFbase-WSFefiic }/1000* SF* Hours * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. This value is provided in the Reference Table in Section 4.5 by
buidling type.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A
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REFERENCE TABLES

Lighting Power Density Values from IECC 2012 and 2015 for Interior Commercial New Construction and Substantial
Renovation Building Area Method:

IECC 2012 IECC 2015
Building Area Type ** Lighting Power Density Lighting Power Density
(w/ft?) (w/ft?)
Automotive Facility 0.9 0.80
Convention Center 1.2 1.01
Court House 1.2 1.01
Dining: Bar Lounge/Leisure 1.3 1.01
Dining: Cafeteria/Fast Food 1.4 0.9
Dining: Family 1.6 0.95
Dormitory 1.0 0.57
Exercise Center 1.0 0.84
Fire station 0.8 0.67
Gymnasium 1.1 0.94
Healthcare — clinic 1.0 0.90
Hospital 1.2 1.05
Hotel 1.0 0.87
Library 1.3 1.19
Manufacturing Facility 1.3 1.17
Motel 1.0 0.87
Motion Picture Theater 1.2 0.76
Multifamily 0.7 0.51
Museum 11 1.02
Office 0.9 0.82
Parking Garage 0.3 0.21
Penitentiary 1.0 0.81
Performing Arts Theater 1.6 1.39
Police Station 1.0 0.87
Post Office 1.1 0.87
Religious Building 1.3 1.0
Retail6%° 1.4 1.26

59 |n cases where both a general building area type and a more specific building area type are listed, the more specific building
area type shall apply.
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IECC 2012 IECC 2015
Building Area Type ** Lighting Power Density Lighting Power Density
(w/ft?) (w/ft?)
School/University 1.2 0.87
Sports Arena 11 0.91
Town Hall 11 0.89
Transportation 1.0 0.70
Warehouse 0.6 0.66
Workshop 14 1.19

600 Where lighting equipment is specified to be installed to highlight specific merchandise in addition to lighting equipment
specified for general lighting and is switched or dimmed on circuits different from the circuits for general lighting, the small of
the actual wattage of the lighting equipment installed specifically for merchandise, or additional lighting power as determined
below shall be added to the interior lighting power determined in accordance with this line item.
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Lighting Power Density Values from IECC 2012 for Interior Commercial New Construction and Substantial
Renovation Space by Space Method:

COMMERCIAL ENERGY EFFICIENCY

TABLE C405.5.2(2) TABLE C405.5.2(2)—continued
INTERIOR LIGHTING POWER ALLOWANCES: INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD SPACE-BY-SPACE METHOD
COMMON SPACE-BY-SPACE TYPES LPD (w/ft?) COMMON SPACE-BY-SPACE TYPES LPD (w/ft?)
Atrium - First 40 feet in height 0.03 per ft. ht. Healthcare clinic/hospital
- AP - Corridors/transition 1.00
A - e e L0 ft. h
Atrium — Above 40 feet in height 0.02 per ft. ht. Exam/ireatment 170
Audience/seating area — permanent Emergency 2.70
For auditorium 0.9 Public and staff lounge 0.80
For performing arts theater 2.6 Medical supplies 1.40
For motion picture theater 1.2 Nursery 0.9
Classroom/lecture/training 1.30 Nurse station 1.00
Conference/meeting/multipurpose 1.2 Physical therapy 0.90
Corridor/transition 0.7 Patient room 0.70
Dining area Phal_'macy . . 1.20
Bar/lounge/leisure dining 1.40 Radiology/imaging . I;?
Family dining area 1.40 Operating room 2.20
— — Recovery 1.2
Dressing/fitting room performing arts theater 1.1 Lounge/recreation 0.8
Electrical/mechanical 1.10 Laundry — washing 0.60
Food preparation 1.20 Hotel
T N Dining area 1.30
Laboratory for classrooms 1.3 Guest rooms 110
Laboratory for medical/industnal/research 1.8 Hotel lobby 2.10
Lobby 1.10 Highway lodging dining 1.20
- Highway lodging guest rooms 1.10
Lobby for performing arts theater 33 -
. . . Library
Lobby for motion picture theater 1.0 Stacks 1.70
Locker room 0.80 Card file and cataloguing 1.10
adine are: 2
Lounge recreation 0.8 Reading area 120
Manufacturing
Ot_fjce — enclosed I Corridors/transition 0.40
Office — open plan 1.0 Detailed manufacturing 1.3
Restroom 1.0 Equipment room 1.0
- - Extra high bay (> 50-foot floor-ceiling height) 1.1
Sales area 1.6 High bay (25- - 50-foot floor-ceiling height) 1.20
Stairway 0.70 Low bay (< 25-foot floor-ceiling height) 1.2
Storage 0.8 Museum
General exhibition 1.00
Works
orkshop 160 Restoration 1.70
Courthouse/police station/penetentiary — - -
Courtroom 190 Parking garage — garage areas 0.2
Confinement cells 1.1 Convention center
Judge chambers 1.30 Exhibit space 1.50
Penitentiary audience seating 0.5 Audience/seating area 0.90
Pen?len[!ary c!u.s_‘sroom 1.3 Fire stations
Penitentiary dining 1.1 Engine room 0.80
BUILDING SPECIFIC SPACE-BY-SPACE TYPES Sleeping quarters 0.30
Automotive — service/repair 0.70 Post office 0.9
Bank/office — banking activity area 1.5 Sorting area .
Dormitory living quarters 1.10 Religious building
- - — Fellowship hall 0.60
(;yflptnamun.ml[ness center 0o Audience seating 240
‘itness area . . . :
. . i Worship pulpit/choir 2.40
Gymnasium audience/seating 040 - P pupitic
Playing area 1.40 Retail
Dressing/filting area 0.9
(continued) Mall concourse 1.6
Sales area 1.6
(continued)
c-62 2012 INTERNATIONAL ENERGY CONSERVATION CODE®

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 397 of 493



Illinois Statewide Technical Reference Manual- 4.5.7 Lighting Power Density

TABLE C405.5.2{2}—continued
INTERIOR LIGHTING POWER ALLOWAMNCES:
SPACE-BY-SPACE METHOD

E-UI.D'I-HG SPECIFIC SPM!—E'I'-SP{GE TYPES LPD (witt)

Sports areni

Audience seating | 0.4

Court sports area — Cluss 4 0.7

o SPOFTS GImes Class 1 1.2

Court sports area — Class 2 1%

Coir Spoits aned — Class | 30k

Ring sports arca 27
Transportation

Airftrain'bus baggage area | 1,06}

.-";irln-s'-rl CONCOLrses | {160

Tenminal — ticket counter 1,50
Warehouse

Fine material storage 1.400

Medinmbalky mtersl 0,60
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Lighting Power Density Values from IECC 2015 for Interior Commercial New Construction and Substantial
Renovation Space by Space Method:

TABLE C405.4.2{2)

INTERIOR LIGHTING POWER ALLOWANCES: TABLE C405.4.2(2)continued
INTERIOR LIGHTING P ER ALLOWAMNCES:
SPACE-BY-SPACE METHOD SPACE-BY-SPACE METHOD
COMMON SPACE TYPES" | LPD [watsisq.fi) COMMON SPACE TYPES® LPD {watta/ag i)
Aftum Food preparation area 1.21
. . Gues 0.47
Less than 40 feet in heizht 05 e foot Coet room
E aboratory
. 0.40 +0.02 per foot In or as a classroom 145
(Greater than 40 feet mm height in fotal height Therooe 1.81
Aundience seating area Il:zudn“‘:kmg - Uﬂf?
In an audrfomm 063 Lm:'ng dock, mtenor i
ooy
- - . ;-I -
In a convention center 082 Tn = Facility for fie vizmally mpaired (and I
In a gymmnazium .63 not used primanly by the staff)" ]
In 3 moton preture theater 1.14 For an elevator 064
— In a hotel 1.06
. il
In 2 penitentiary . E_S In a motion picture theater 0.59
In a performme arts theater 143 In a performing arts theater 20
In a relizions bnlding 1.53 Otherwize 00
In 3 sports arena 043 Locker room 0.75
Ofherwise 08 L“;ﬂ?h’:ﬁw; _ =
i - ty 52
Banking actmity area 101 Dr.:a St 0T
IWlsE L
Breakroom (See Lounze Breakmoom) Offies
Classroom/lecture hall'raming room Enclosed 111
In 3 pemiterhary 1.34 Open plan 0.98
Otherwise ] one e, e —
I - g - . 5 TATY Ared i
Cun&.re?nemeem;mﬂuprpe.e room 123 —
Copy/print room 0.2 Tn = facility for the visually mmpaired (and 1o
Comdor not used primarily by the staff® -
T 2 Eacility for the visually impaired (and 5 Ei”’"‘”““ fgi
not used primarily by the staff)® - waes ama -
_ F i 2f) Seating area, general 0.54
In a hospatal 0.79 S — .
_ _ Stawrway (See space confaming stanway)
In a manufactuning faculty N4l Fe— ]
Othermnse 066 Storage room 0.63
Cowrtroom 1.72 Vehicular maintenance area 0.67
Computer reom 171 Wark=hop 150
i BUILDING TYPE SPECIFIC SPACE TYPES® LPD (wattalag i)
Choung area . it
= Fambity for the v1sually mmpaired”
In a penitentiary 0.98 Tn a chapel (znd not used primanly by the 391
Tn 2 facility for the visually impaired (and T hmﬁ? R —
- . s . b - 2 recreaflon Ioomny not us PIImanly 5
IFI.IJT Tl_edpmn:.ml} by the staff) by the <taff) 241
In barlounge or lermure diming 107 Automotrve (See Velucular Mamtenance Area above)
In cafetena or fast food d.'l.'l'_'l.l:l.g 065 Convention Center—exhibit space 1.45
In famuly dinmg 089 Dormitory—ning quarters 0.38
Ofbermize 0.65 Fie Station—=leeping quarters 022
— = Gy siumfiness cente
Electmcal'mechameal room 0.95 e —— 5
- _ In an exercise area 0.72
Emergency vehicle garaze 0.36 Tn 2 playing ares 13
{continued) {eontinued)
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TAELE Clﬂﬁ.ﬂ.ﬂcﬁ"}l—mminmd
INTERIOR LIGHTING POWER ALLOWANCES:

SPACE-BY-SPACE METHOD
BUILDING TYPE SPECIFIC SPACE TYPES" | LPD (wattsrsq.m)
healtheare facility
In an exam ‘treatment room 1.66
In an imaFmg room 1.51
In a medical supply room 0.74
In a pursery 0.88
In a nurse’s station 071
In an operating room 248
In a patient room 0.62
In a phy=ical therapy room 091
In a recovery room 115
Library
In 3 reading area 1.06
In the stacks 171
Mamufacturing facility
In a detailed manufacturing area 129
In an equipment room 074
In an extra ]:u.ig_h bay area (zreater than 50’ 1.05
floor-to-celling height)
Ina hagh bay area (23-50" flocr-to-ceiling 173
hei ght)
Ina '._u_:r_w bay area (less than 25 foor-to- 119
ceiling height})
Museum
In a generzl extubition area 105
In a restoration room 1.02
Performing arts theater—dressms room 0.61
Post Office—Soring Area 094
Fehgious bulding=
In a fellowship hall 064
In a worship/pulpit/choir area 153
Fetal famlihes
In a dressing/fithng room 071
In a mall concourse 11
Sports arena—vplayving area
For a Class I fachty 368
For a Class I facality 24
For a Class I facbity 1.8
For a Class IV facility 1.2
Transportation facility
In a baggage/caronseal area 0353
In an airport concourse 036
At a terouinal iicket coumter 0.8
Warehouse—storage area
For medivm to bulky, palletized items 058
For smaller, hand-carmied items 085

2 In cases where both a conmon space type and a building area specific
space type are listed, the building area specific space type shall apply

b. A “Facility for the Visually Impaired’ is a facility that is licensad or will be
licensed by local or state suthorites for semior lonz-term care, sduk
daycare, senior support or people with special visusl needs.
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The exterior lighting design will be based on the building location and the applicable “Lighting Zone” as defined in
IECC 2015 Table C405.5.2(1) which follows. This table is identical to IECC 2012 Table C405.62(1).

TABLE C405.5.2(1)
EXTERIOR LIGHTING ZONES

DESCRIPTION

LIGHTING
ZONE

Developed areas of national parks, state parks, forest

1 land. and rural areas

Areas predominantly consisting of residential zoning,
2 neighborhood business districts, light industrial with
limited mighttime use and residential mixed-use areas

3 All other areas not classified as lighting zone 1, 2 or 4
High-activity commercial districts in major metropoli-

4 tan areas as designated by the local land use planning
authority
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The lighting power density savings will be based on reductions below the allowable design levels as specified in
IECC 2012 Table C405.6.2(2) or IECC 2015 Table C405.5.2(2).

Allowable Design Levels from [ECC 2012

TABLE C405.6.2(2
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EH'.TEH_!DRS___
LIGHTING ZOMES
Fone 1 Zone 2 Zane 3 Zone 4
Rase Sile Allowanee |
i Base a:llxlwa.m.'u 1% 00w | B0 W TH0 W 130 W
wsphle in tralahle or
nomiradahle surfaces. | | j |
) Uncoversd Parking Areas
Parking areas and drives | (1,04 W [ WiEL 110 W 0,13 Wir?
' Building Grounds
W“IE":‘ r:-.,:c I_:i‘;r'h‘m 0.7 Wilineas Feal 7 Wilinear foc 0.5 Wilinear frat 1.0 Wilikear foot
_".ﬁ."uIL ways b feet wide . .
or greater. plaza areas 14 Wi 0,14 Wit 0016 Wi n2win:
apiscial fealure ancas
Srairways .75 Wi 1.0 Wi 10 W 1w
Tradable Surfaces Pedestrian wnncls 0,15 Wit 015w’ 0.2 WA i 0.3 Wil
[Lighting power ' Bullding Entrances and Exits
densities For uncovered - P — - -
ur:':l:uu:l‘ﬁn tll:iHill:‘ . 20 Wilimear fond 20 W linear Fost 30 W linear fant My W limear Taol
gmu mi.. hu.llll.llng = Main entries of dowr widih wf diar wildih of door widuh af door width
entrandes and exils, A Wilinear foot 20 W inear foal 200 Wilinear fool 20 W linear fool

(Lighting power
density calculations

ot for each Uluminated
wirll o surface length

foot for each illuminated
wall or surface lemgth

canapies and overhangs Chiber doars af dopr width af daar width of aloar width o door width
and oulidoos sabes arcas = ; —— — e
ate Aradabile ) Entry cancpies 0.25 Wit .25 Wittt 0.4 Wi 04 Wi!
Sales Canopies
Free-sianding and (6 Wi L6 W 8 Wik 14wt
uttiched
Dutdoor Sales
Open areas (imcluding (2% W 01,25 Wi 0.3 WiR 7wl
wvehicle sabes lodsh
Street ronlage Tor
v"-:h_":le "'"I:“ lots in - M allvwance 10 W limenr foo 10 W Niszar Foob S0 W lanear ol
adlslitiom 10 “open ared
al lnwanice
i1 WU for sach 0,15 Wi for each 0.2 Wit for each
iNwminmted wall or wlimanared wall or illuminaged wall ar
Momiradable Sarfaces Building fucades Mo sl b ance surface or 2.5 Wilinear | serfoce or 3,95 Wilinear syrfuce or 300 W/ linear

foot for each illuminsed
wall or surface length

for the following
upplications can be
sl oly For the
;.|w..:il’i|,: application

Automated teller
machines and nighy
depositories

170 W per locabwa plus
W per additional
ATH per lecazion

270 W per kcation plis
S W per addaisonal
ATM per localion

20W per location plus

WIW per additional
ATM per locatisn

I W per location plus
AW per sdditional
ATM per location

and canran be trinled
herwesn surfaces or
wilh ather exterior
Tighting. The
Tollowing allowanoes

allowance otherwise
permitied in the

“Tradable Surfaces”
sechion of this 2ble i

Entrances and gatchaouse
inapection statlons al
suarded lacalities

0,75 Wifi* of covered
and uncovered aren

75 WL ol covered
nnid mncovered area

095 W of covered
and uncovered area

.75 W of covered and
uncivered aréa

are in addition ta any |

Lanadlimg areas for law
enforcement, Tirg,
ambulgnce and other
CMSTECNCY SETY =4
vehscles

Drivee-up W insdowsidoors

(15 WL of covered and

uncaversl ares

(1.5 W of covered and
urcovired i

0.5 WA of covered and
unmcovered arei

0.3 Wi’ of covensd
aml uncovered area

400 W per drive-through

L0 W per drive-throagh

00 W per drive-through

ACDW per drive-through

Parking near 24-hour
relail entiances

B0 W peer mnuin entry

B0 W per main eniry

HOND W per main entry

B WY per pamn Entry

Foa S1: 1 food = 3048 man, | owall per sguare Tost = WAL0229 m,
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Allowable Design Levels from IECC 2015

TABLE C405.5.2(2)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

addition to “open area”
allowance

LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance
(Base allowance 13 . r - . 1 :
ssable in tradable or 500 W 600 W 750 W 1300 W
nontradable surfaces )
Uncovered Parking Areas
Parking areas and drives 0.04 Wit 0.06 Wit 0.10 Wi 0.13 Wi
Building Grounds
Walkways less than - T - e o
; 0.7 Wilinear foot 0.7 Wilinear foot 0.2 Wilinear foot 1.0 Wilinear foot
10 feet wide
Walkways 10 feet wide
or greater, plaza areas 0.14 Wi 0.14 Wit 0.16 W/ 0.2 Wit
special feature areas
Stairways 0.75 Wi LOWig' 1LOW/e LOWiH
Tradable Surfaces Pedesfrian hnnels 015 Wii? 0.15 Wit 0.2 Wi 0.3 Wife
(Lighting power Building Entrances and Exits
densities for uncoverad — — — —
parking areas, building Main entries 20 W/linear foot 20 W/linear foot 30 Wilinear foot 30 Wilinear foot
erounds. buildine i of door width of door width of door width of door width
entrances and exits, Other doors 20 Wilinear foot 20 Wilinear foot 20 Wilinear foot 20 Wilinear foot
canopies and overhangs of door width of door width of door width of door width
and outdoor sales areas
are tradable) Entry canopies 0.25 Wi 0.25 Wi 0.4 W/ 0.4 W/
Sales Canopies
Free-standing and _— - e T
attached 0.6 Wit 0.6 Wift 0.8 W/t Lo Wiff
Outdoor Sales
Open areas (including 0.25 Wiae 025 Wit 0.5 WAt 0.7 Wit
vehicle sales lots)
Street frontage for
vehicle sales lots in No allowance 10 W/linear foot 10 Wilinear foot 30 W/linear foot

Nentradable Surfaces
(Lighting power
density calculations
for the following
applications can be
used only for the
specific application
and cannot be traded
between surfaces or
with other exterior
lighting. The
following allowances
are in addition to any
allowance otherwise
permitted in the
“Tradable Surfaces”™
section of this table.)

Building facades

No allowance

0.075 W/t of gross
above-grade wall area

0.113 Wi of gross
above-grade wall arsa

0.15 W/ of gross
above-grade wall area

Automated teller
machines (ATM) and
night depositories

270 W per location plus
90 W per additional
ATM per location

270 W per location plus
90 W per additional
ATM per location

270°'W per location plus
90 W per additional
ATM per location

270 W per location plus
90 W per additional
ATM per location

Enfrances and gatehouse
inspection stations at
guarded facilities

0.75 W/t* of covered
and uncovered area

0.75 W/Rt* of covered
and uncovered area

0.75 W/ft* of covered
and uncoversd area

0.75 WA of covered and
uncovered area

Loading areas for law
enforcement, fire,
ambulance and other
eMETgeNCy Service
vehicles

0.5 Wi of coverad and
umcovered area

0.5 W/’ of covered and
uncovered area

0.5 W/ft’ of covered and
uncovered area

0.5 W/t of covered
and uncovered area

Dnve-up windows/doors

400 W per drive-through

400 W per drive-through

400 W per dnve-through

400 W per drive-through

Parking near 24-hour
retail entrances

800 W per main entry

800 W per main entry

800 W per main entry

800 W per main entry

For SI: 1 foot=304.8 mm, 1 watt per square foot= W/0.0929 m".

W = watts.

MEASURE CoODE: CI-LTG-LPDE-V03-160601
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4.5.8 Miscellaneous Commercial/Industrial Lighting

DESCRIPTION

This measure is designed to calculate savings from energy efficient lighting upgrades that are not captured in other
measures within the TRM. If a lighting project fits the measure description in sections 4.5.1-4.5.4, then those
criteria, definitions, and calculations should be used.

Unlike other lighting measures this one applies only to RF applications (because there is no defined baseline for
TOS or NC applications).

DEFINITION OF EFFICIENT EQUIPMENT

A lighting fixture that replaces an existing fixture to provide the same or greater lumen output at a lower kW
consumption.

DEFINITION OF BASELINE EQUIPMENT

The definition of baseline equipment is the existing lighting fixture.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed lifetime of the efficient equipment fixture, regardless of program type is 15 years®®.

DEEMED MEASURE COST

The actual cost of the efficient light fixture should be used.

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape CO8 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting
Loadshape C19 - Industrial Outdoor Lighting
Loadshape C20 - Commercial Outdoor Lighting

601 15 years from GDS Measure Life Report, June 2007
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COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in section 4.5.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((Wattspase-Wattsee)/1000) * Hours * WHF. * ISR
Where:

Wattsbase = Input wattage of the existing system which depends on the baseline fixture
configuration (number and type of lamp) and ballast factor (if applicable) and number
of fixtures.

=Actual

Wattsee = New Input wattage of EE fixture which depends on new fixture configuration (number
of lamps) and ballast factor (if applicable) (if applicable) and number of fixtures.

= Actual

Hours = Average hours of use per year as provided by the customer or selected from the
Reference Table in Section 4.5, Fixture annual operating hours, by building type. If
hours or building type are unknown, use the Miscellaneous value.

WHF. = Waste heat factor for energy to account for cooling energy savings from efficient
lighting is selected from the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

ISR = In Service Rate or the percentage of units rebated that get installed.

=100%°%%2 if application form completed with sign off that equipment is not placed into
storage. If sign off form not completed assume the following 3 year ISR assumptions:

Weigted Average 1° year 2" year 3" year Final Lifetime In

In Service Rate (ISR) Installations Installations Service Rate

602||linois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough issue
to warrant including an “In-Service Rate” when commercial customers complete an application form.
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Weigted Average 1 year 2" year 3 year Final Lifetime In

In Service Rate (ISR) Installations Installations Service Rate

75.5%°%03 12.1% 10.3% 98.0%°5%4

HEATING PENALTY

If electrically heated building:
AKW hheatpenalty®9® = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

DEFERRED INSTALLS

As presented above, if a sign off form is not completed the characterization assumes that a percentage of bulbs
purchased are not installed until Year 2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory
Committee has determined the following methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

SUMMER COINCIDENT DEMAND SAVINGS
AKW = ((Wattspase-Wattsee)/1000) * WHFq4 * CF * ISR
Where:

WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is selected from the Reference Table in Section 4.5 for each building
type. If the building is not cooled WHFd is 1.

CF = Summer Peak Coincidence Factor for measure is selected from the Reference able in
Section 4.5 for each building type. If the building type is unknown, use the
Miscellaneous value of 0.66.

603 1st year in service rate is based upon review of PY4-5 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL
Commercial Lighting ISR.xIs’ for more information. The average first year ISR was calculated weighted by the number of bulbs
sold.

604 The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.’ This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3™
year installations should be counted as part of those future program year savings.

605Negative value because this is an increase in heating consumption due to the efficient lighting.
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Other factors as defined above

NATURAL GAS ENERGY SAVINGS
ATherms®9 = (((WattsBase-WattsEE)/1000) * ISR * Hours * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. This value is selected from the Reference Table in Section 6.5
for each building type.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION

If there are differences between the maintenance of the efficient and baseline lighting system then they should be
evaluated on a project-by-project basis.

MEASURE CoDE: CI-LTG-MSCI-V02-140601

606Negative value because this is an increase in heating consumption due to the efficient lighting.
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4.5.9 Multi-Level Lighting Switch

DESCRIPTION
This measure relates to the installation new multi-level lighting switches on an existing lighting system.

This measure can only relate to the adding of a new control in an existing building, since multi-level switching is
required in the Commercial new construction building energy code (IECC 2012/2015).

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient system is assumed to be a lighting system controlled by
multi-level lighting controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be an uncontrolled lighting system where all lights in a given area are on the
same circuit or all circuits come on at the same time.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for all lighting controls is assumed to be 8 years897,

DEEMED MEASURE COST

When available, the actual cost of the measure shall be used. When not available, the incremental capital cost for
this measure is assumed to be $274608,

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape CO8 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)

Loadshape C18 - Industrial Indoor Lighting

607 Consistent with Occupancy Sensor control measure.
608 Goldberg et al, State of Wisconsin Public Service Commission of Wisconsin, Focus on Energy Evaluation, Business Programs:
Incremental Cost Study, KEMA, October 28, 2009.
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Loadshape C19 - Industrial Outdoor Lighting
Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in the reference section below.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = KWcontrolled™ Hours * ESF * WHFe

Where:
KWcontrolled = Total lighting load connected to the control in kilowatts.
= Actual
Hours = total operating hours of the controlled lighting circuit before the lighting controls are
installed. This number should be collected from the customer. Average hours of use per
year are provided in the Reference Table in Section 4.5, Fixture annual operating hours,
for each building type if customer specific information is not collected. If unknown
buidling type, use the Miscellaneous value.
ESF = Energy Savings factor (represents the percentage reduction to the KWcontrolled due
to the use of multi-level switching).
= Dependent on building type8°°:
o Energy Savings Factor
Building Type
g 1yp (ESF)
Private Office 21.6%
Open Office 16.0%
Retail 14.8%
Classrooms 8.3%
Unknown, average 15%
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient

lighting is provided in the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

HEATING PENALTY

If electrically heated building:

609 Based on results from “Lighting Controls Effectiveness Assessment: Final Report on Bi-Level Lighting Study” published by the
California Public Utilities Commission (CPUC), prepared by ADM Associates.
http://lightingcontrolsassociation.org/bi-level-switching-study-demonstrates-energy-savings/
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AKW hheatpenalty®10 = KWeontrolled® Hours * ESF * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = KW controlled * ESF * WH Fd* CF
Where:

WHFq4 = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If the building is un-
cooled WHFd is 1.

CF = Summer Peak Coincidence Factor for measure is provided in the Reference Table in
Section 4.5. If unknown, use the Miscellaneous value of 0.66511,

NATURAL GAS ENERGY SAVINGS
Atherms = KWcontrolled® Hours * ESF * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting and provided in the Reference Table in Section 4.5 by buidling
type.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: CI-LTG-MLLC-V03-160601

610Negative value because this is an increase in heating consumption due to the efficient lighting.

611 By applying the ESF and the same coincidence factor for general lighting savings we are in essence assuming that the savings
from multi-level switching are as likely during peak periods as any other time. In the absence of better information this seems
like a reasonable assumption and if anything may be on the conservative side since you might expect the peak periods to be
generally sunnier and therefore more likely to have lower light levels. It is also consistent with the control type reducing the
wattage lighting load, the same as the general lighting measures.
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4.5.10 Occupancy Sensor Lighting Controls

DESCRIPTION

This measure relates to the installation of new occupancy sensors on a new or existing lighting system. Lighting
control types covered by this measure include wall, ceiling or fixture mounted occupancy sensors. Passive infrared,
ultrasonic detectors and fixture-mounted sensors or sensors with a combination thereof are eligible. Lighting
controls required by state energy codes are not eligible. This must be a new installation and may not replace an
existing lighting occupancy sensor control.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the existing system is assumed to be manually controlled or an
uncontrolled lighting system which is being controlled by one of the lighting controls systems listed above. This
measure is intended for controlling interior lighting only.

A subset of occupancy sensors are those that are programmed as “vacancy” sensors. To qualify as a vacancy
sensor, the control must be configured such that manual input is required to turn on the controlled lighting and
the control automatically turns the lighting off. Additional savings are achieved compared to standard occupancy
sensors because lighting does not automatically turn on and occupants may decide to not turn it on. Note that
vacancy sensors are not a viable option for many applications where standard occupancy sensors should be used
instead.

DEFINITION OF BASELINE EQUIPMENT

The baseline is assumed to be a lighting system uncontrolled by occupancy.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for all lighting controls is assumed to be 8 years612,

DEEMED MEASURE COST

When available, the actual cost of the measure shall be used. When not available, the following default values are
provided:

613

Full cost of wall mounted occupancy sensor $51

Full cost of ceiling or remote mounted
occupancy sensor

$102

Full cost of fixture-mounted occupancy sensor | $91.83

Full cost of fixture embedded occupancy
sensor

$54

612 DEER 2008

613 Taken from NEEP Commercial Lighting Controls, Incremental Cost Data Analysis, 2011 “NEEP Commercial Lighting Controls
2011_08_29.xlsx”

614 Fixture embedded Occupancy Sensors are included with the fixture and therefore no additional installation costs are
incurred for these sensors. Therefore, it is assumed that the costs associated with Fixture-embedded Occupancy Sensors should
not surpass those of the wall mounted due to the similarity in installation.
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LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape C08 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting
Loadshape C19 - Industrial Outdoor Lighting
Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on location.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKkWh = KWcontrolled® Hours * ESF * WHFe
Where:

Kwecontrolled = Total lighting load connected to the control in kilowatts. Savings is per control. The
total connected load per control should be collected from the customer or the default
values presented below used;

Default kw
controlled®®®

Lighting Control Type

Wall mounted occupancy sensor (per 0.305
control)
Remote mounted occupancy sensor (per 0.517
control)
Fixture mounted sensor (per fixture) 0.180

615Based on EVT control data for Occupancy Sensor Costs 2009-2014.
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Hours

ESF

Wall, Ceiling or Fixture-Mounted Occupancy
Sensors

= total operating hours of the controlled lighting circuit before the lighting controls are
installed. This number should be collected from the customer. Average hours of use per
year are provided in the Reference Table in Section 4.5, Fixture annual operating hours,
for each building type if customer specific information is not collected. If unknown
buidling type, use the Miscellaneous value.

= Energy Savings factor (represents the percentage reduction to the operating Hours
from the non-controlled baseline lighting system).

‘ 616

24%

Wall-Mounted Occupancy Sensors Configured
as “Vacancy Sensors”

31%617

WHFe

HEATING PENALTY

= Waste heat factor for energy to account for cooling energy savings from efficient
lighting is provided in the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

If electrically heated building:

AKW hheatpenalty®18 = KWeontrolled® Hours * ESF * -IFkWh

Where:
IFkWh

= Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5, If unknown, use the Miscellaneous value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = KWeontrolled ¥ WHF4 * (CFbaseline — CFos)

Where:
WHFq

CFbaseline

CFos

= Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If the building is un-
cooled WHFd is 1.

= Baseline Summer Peak Coincidence Factor for the lighting system without Occupancy
Sensors installed selected from the Reference Table in Section 4.5 for each building
type. If the building type is unknown, use the Miscellaneous value of 0.66

= Retrofit Summer Peak Coincidence Factor the lighting system with Occupancy Sensors

616 | awrence Berkeley National Laboratory. A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings.

Page & Associates Inc. 2011

617 papamichael, Konstantions, Bi-Level Switching in Office Spaces, California Lighting Technology Center, February 1,2010.
Note: See Figure 8 on page 10 for relevant study results. The study shows a 30% extra savings above a typical occupancy sensor;

24% * 1.3 = 31%.

618 Negative value because this is an increase in heating consumption due to the efficient lighting.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 413 of 493



Illinois Statewide Technical Reference Manual- 4.5.10 Occupancy Sensor Lighting Controls

installed is 0.15 regardless of building type.61°

NATURAL GAS ENERGY SAVINGS
Atherms = KWcontrolled® Hours * ESF * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting and provided in the Reference Table in Section 4.5 by buidling
type.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-LTG-OSLC-V04-160601

619 Coincidence Factor Study Residential and Commercial Industrial Lighting Measures, RLW Analytics, Spring 2007. Note, the
connected load used in the calculation of the CF for occupancy sensor lights includes the average ESF.
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4.5.11 Solar Light Tubes

DESCRIPTION

A tubular skylight which is 10” to 21” in diameter with a prismatic or translucent lens is installed on the roof of a
commercial facility. The lens reflects light captured from the roof opening through a highly specular reflective tube
down to the mounted fixture height. When in use, a light tube fixture resembles a metal halide fixture. Uses
include grocery, school, retail and other single story commercial buildings.

In order that the savings characterized below apply, the electric illumination in the space must be automatically
controlled to turn off or down when the tube is providing enough light.

This measure was developed to be applicable to the following program types: TOS, NC, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be a tubular skylight that concentrates and directs light from the roof to an
area inside the facility.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment for this measure is a fixture with comparable luminosity. The specifications for the
baseline lamp depend on the size of the Light Tube being installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The estimated useful life for a light tube commercial skylight is 10 years®20,
DEEMED MEASURE COST

If available, the actual incremental cost should be used. For analysis purposes, assume an incremental cost for a
light tube commercial skylight is $5002.

LOADSHAPE

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)62!

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on location.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = kWs * HOURS * WHFe
Where:

kWi = Connected load of the fixture the solar tube replaces

620 Equal to the manufacturers standard warranty
621 The savings from solar light tubes are only realized during the sunlight hours. It is therefore appropriate to apply the single
shift (8/5) loadshape to this measure.
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Average Lumen
output for Chicago
lllinois
(minimum)®??

Size of Tube

Equivalent fixture

50% 3 x 2 32W lamp CFL (207W, 9915 lumens)
21” 9,775 (4,179) 0.161
50% 4 lamp F32 w/Elec 4’ T8 (114W, 8895 lumens)

50% 2 42W lamp CFL (94W, 4406 lumens)
14” 4,392 (1,887) 0.077
50% 2 lamp F32 w/Elec 4’ T8 (59W, 4448 lumens)

50% 1 42W lamp CFL (46W, 2203 lumens)
10” 2,157 (911) 0.039
50% 1 lamp F32 w/Elec 4’ T8 (32W, 2224 lumens)

AVERAGE 0.092

HOURS = Equivalent full load hours
= 2400 623
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient

lighting is selected from the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

HEATING PENALTY
If electrically heated building:

AkWhheatpenalty®24 = kWs * HOURS * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWs * WHFd *CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is selected from the Reference Table in Section 4.5 for each building
type. If the building is not cooled WHFd is 1.
CF = Summer Peak Coincidence Factor for measure is selected from the Reference Table in

Section 4.5 for each building type. If the building type is unknown, use the
Miscellaneous value of 0.66.

622 Splatube Test Report (2005). http://www.mainegreenbuilding.com/files/file/solatube/stb_lumens_datasheet.pdf
623 |bid. The lumen values presented in the kW table represent the average of the lightest 2400 hours.
624Negative value because this is an increase in heating consumption due to the efficient lighting.
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NATURAL GAS SAVINGS
ATherms®25 = AkWs * HOURS *- IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. Please select from the Reference Table in Section 4.5 for each
building type.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-LTG-STUB-V02-140601

625Negative value because this is an increase in heating consumption due to the efficient lighting.
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4.5.12 T5 Fixtures and Lamps

DESCRIPTION

T5 Lamp/ballast systems have higher lumens per watt than a standard T8 or an existing T8 or T12 system. The
smaller lamp diameter allows for better optical systems, and more precise control of lighting. These characteristics
result in light fixtures that produce equal or greater light than standard T8 or T12 fixtures, while using fewer watts.

This measure applies to the installation of new equipment with efficiencies that exceed that of the equipment that
would have been installed following standard market practices and is applicable to time of sale as well as retrofit
measures.

If the implementation strategy does not allow for the installation location to be known, a deemed split of 99%
Commercial and 1% Residential should be used®26,

This measure was developed to be applicable to the following program types: TOS, RF, DI.

If applied to other program types, the measure savings should be verified.

The measure applies to all commercial T5 installations excluding new construction and substantial renovation or
change of use measures (see lighting power density measure). Lookup tables have been provided to account for
various installations. Actual existing equipment wattages should be compared to new fixture wattages whenever
possible while maintaining lumen equivalent designs. Default new and baseline assumptions are provided if
existing equipment cannot be determined. Actual costs and hours of use should be utilized when available.
Default component costs and lifetimes have been provided for Operating and Maintenance Calculations. Please
see the Definition Table to determine applicability for each program. Configurations not included in the TRM may
be included in custom program design using the provided algorithms as long as energy savings is achieved. The
following table defines the applicability for different programs:

Time of Sale (TOS) Retrofit (RF) and DI

This program applies to installations where
customer and location of equipment is not known, | For installations that upgrade installations before the

or at time of burnout of existing equipment. T5 | end of their useful life. T5 Lamp/ballast systems have
Lamp/ballast systems have higher lumens per watt | higher lumens per watt than a standard T8 or T12

than a standard T8 system. The smaller lamp | system. The smaller lamp diameter allows for better
diameter allows for better optical systems, and | optical systems, and more precise control of lighting.
more precise control of lighting. These | These characteristics result in light fixtures that produce
characteristics result in light fixtures that produce | equal or greater light than standard T8 or T12 fixtures,
equal or greater light than standard T8 fixtures, | while using fewer watts and having longer life.

while using fewer watts.

DEFINITION OF EFFICIENT EQUIPMENT

The definition of efficient equipment varies based on the program and is defined below:

Time of Sale (TOS) Retrofit (RF) and DI

4' fixtures must use a T5 lamp and ballast | 4' fixtures must use a T5 lamp and ballast
configuration. 1' and 3' lamps are not eligible. High | configuration. 1' and 3' lamps are not eligible. High
Performance Troffers must be 85% efficient or | Performance Troffers must be 85% efficient or

626 Based on weighted average of Final ComEd’s BILD program data from PY5 and PY6. For Residential installations, hours of use
assumptions from ‘5.5 Interior Hardwired Compact Fluorescent Lamp (CFL) Fixture’ measure should be used.
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Time of Sale (TOS)

Retrofit (RF) and DI

greater. T5 HO high bay fixtures must be 3, 4 or 6 | greater. T5 HO high bay fixtures must be 3, 4 or 6

lamps and 90% efficient or better.

lamps and 90% efficient or better.

DEFINITION OF BASELINE EQUIPMENT

The definition of baseline equipment varies based on the program and is defined below:

Time of Sale (TOS)

The baseline is T8 with equivalent lumen output. In
high-bay applications, the baseline is pulse start
metal halide systems.

Retrofit (RF) and DI
The baseline is the existing system.

In July 14, 2012, Federal Standards were enacted that
were expected to eliminate T-12s as an option for
linear fluorescent fixtures. Through v3.0 of the TRM, it
was assumed that the T-12 would no longer be
baseline for retrofits from 1/1/2016. However, due to
significant loopholes in the legislation, T-12 compliant
product is still freely available and in Illinois T-12s
continue to hold a significant share of the existing and
replacement lamp market. Therefore the timing of the
sunsetting of T-12s as a viable baseline has been
pushed back in v5.0 until 6/1/2018 and will be
revisited in future update sessions.

There will be a baseline shift applied to all measures
installed before 2018 in 2018 in years remaining in the
measure life. See table C-1.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed lifetime of the efficient equipment fixture, regardless of program type is Fixture lifetime is 15 years®?.

LOADSHAPE

Loadshape C06 - Commercial Indoor Lighting

Loadshape CO7 - Grocery/Conv. Store Indoor Lighting

Loadshape C08 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)

Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)

Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)

627 15 years from GDS Measure Life Report, June 2007
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Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)

Loadshape C18 - Industrial Indoor Lighting

Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWh =( (Wattsbase-Wattsee)/1000) * Hours *WHFe*ISR

Where:

Wattsbase

Wattsee

Hours

WHF.

ISR

= Input wattage of the existing system which depends on the baseline fixture
configuration (number and type of lamp) and number of fixtures. Value can be selected
from the appropriate reference table as shown below, of a custom value can be entered
if the configurations in the tables is not representative of the exisitng system.

= New Input wattage of EE fixture which depends on new fixture configuration (number
of lamps) and ballast factor and number of fixtures. Value can be selected from the
appropriate reference table as shown below, of a custom value can be entered if the
configurations in the tables is not representative of the exisitng system.

Program Reference Table ‘
. A-1: T5 New and Baseline
Time of Sale .
Assumptions
Retrofit, DI A-2: T5 New and Baseline
Assumptions

= Average hours of use per year as provided by the customer or selected from the
Reference Table in Section 4.5, Fixture annual operating hours, by building type. If
hours or building type are unknown, use the Miscellaneous value.

= Waste heat factor for energy to account for cooling energy savings from efficient
lighting is selected from the Reference Table in Section 4.5 for each building type. |If
building is un-cooled, the value is 1.0.

= In Service Rate or the percentage of units rebated that get installed.

=100%528 if application form completed with sign off that equipment is not placed into
storage. If sign off form not completed assume the following 3 year ISR assumptions:

628||linois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough issue
to warrant including an “In-Service Rate” when commercial customers complete an application form.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 420 of 493



Illinois Statewide Technical Reference Manual- 4.5.12 T5 Fixtures and Lamps

Weigted Final
Average 1% 2" year 3 year Lifetime In

year In Service Installations Installations Service
Rate (ISR) Rate

98%°%° 0% 0% 98.0%5%°

HEATING PENALTY

If electrically heated building:
AKW hheatpenaly®3! = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

SUMMER COINCIDENT DEMAND SAVINGS

AkW =((Wattsbase-Wattsee)/1000) * WHFq*CF*ISR
Where:

WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is selected from the Reference Table in Section 4.5 for each building
type. If the building is not cooled WHFd is 1.

CF = Summer Peak Coincidence Factor for measure is selected from the Reference Table in
Section 4.5 for each building type. If the building type is unknown, use the
Miscellaneous value.

NATURAL GAS ENERGY SAVINGS

ATherms®32 = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting. This value is selected from the Reference Table in Section 4.5
for each building type.

629 1st year in service rate is based upon review of PY5-6 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL
Commercial Lighting ISR_2014.xls’ for more information

630 The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3
year installations should be counted as part of those future program year savings.

631Negative value because this is an increase in heating consumption due to the efficient lighting.

632Negative value because this is an increase in heating consumption due to the efficient lighting.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
See Reference tables for Operating and Maintenance Values
Program Reference Table ‘

B-1: T5 Component Costs and

Time of Sale Lifetime

B-2: T5 Component Costs and

Retrofit, DI Lifetime

REFERENCE TABLES

See following page.
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A-1: Time of Sale: T5 New and Baseline Assumptions833

Measure

EE Measure Description EE Cost Wattsge Baseline Description Base Cost WattSgase Cost Wattsgave

2-Lamp T5 High-Bay $200.00 180 200 Watt Pulse Start Metal-Halide $100.00 232 $100.00 52

3-Lamp T5 High-Bay $200.00 180 200 Watt Pulse Start Metal-Halide $100.00 232 $100.00 52

4-Lamp T5 High-Bay $225.00 240 320 Watt Pulse Start Metal-Halide $125.00 350 $100.00 110
Proportionally Adjusted according to 6-Lamp

6-Lamp T5 High-Bay $250.00 360 HPT8 Equivalent to 320 PSMH $150.00 476 $100.00 116
Proportionally adjusted according to 2-Lamp T5

1-Lamp T5 Troffer/Wrap $100.00 32 Equivalent to 3-Lamp T8 $60.00 44 $40.00 12

2-Lamp T5 Troffer/Wrap $100.00 64 3-Lamp F32T8 Equivalent w/ Elec. Ballast $60.00 88 $40.00 24
Proportionally adjusted according to 2-Lamp T5

1-Lamp T5 Industrial/Strip $70.00 32 Equivalent to 3-Lamp T8 $40.00 44 $30.00 12

2-Lamp T5 Industrial/Strip $70.00 64 3-Lamp F32T8 Equivalent w/ Elec. Ballast $40.00 88 $30.00 24
Proportionally adjusted according to 2-Lamp T5

3-Lamp T5 Industrial/Strip $70.00 96 Equivalent to 3-Lamp T8 $40.00 132 $30.00 36
Proportionally adjusted according to 2-Lamp T5

4-Lamp T5 Industrial/Strip $70.00 128 Equivalent to 3-Lamp T8 $40.00 178 $30.00 50
Proportionally adjusted according to 2-Lamp T5

1-Lamp T5 Indirect $175.00 32 Equivalent to 3-Lamp T8 $145.00 44 $30.00 12

2-Lamp T5 Indirect $175.00 64 3-Lamp F32T8 Equivalent w/ Elec. Ballast $145.00 88 $30.00 24

633 Adapted from Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, October 26, 2011.
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A-2: Retrofit T5 New and Baseline Assumptions834

EE Measure Description EE Cost Watts.. Baseline Description Watts,.-c
3-Lamp T5 High-Bay ¥ 200 180 200 Watt Pulse Start Metal-Halide 232
4-Lamp T High-Bay § 225 240 250 Watt Metal-Halide 295
G-Lamp T35 High-Bay $ 250 360 320 Watt Pulse Start Metal-Halide Ja0
400 Watt Metal halide 455
1-Lamp TS TrofferWrap 100 32 400 Watt Pulse Start Metal-halide 476
Z2-Lamp T3 TrofferWrap 100 64
1-Lamp F34T12 w/ EEMay Ballast 40
1-Lamp TS Industrial/Strip § 70 32 2 Lamp F34T12 w/ EEMaygy Ballast 68
Z2-Lamp T3 Industrial/Strip § 70 64 3-Lamp F34T12 w/ EEMay Ballast 110
3-Lamp T5 Industrial/Strip § 70 96 4-Lamp F34T12 w/ EEMaygy Ballast 139
4-Lamp T3 Industrial/Strip § 70 128
1-Lamp F40T12 w/ EEMag Ballast 48
1-Lamp T Indirect 175 32 2-Lamp F40T12 w/ EEMaqg Ballast 82
Z2-Lamp T5 Indirect 175 64 3-Lamp F40T12 w/ EEMay Ballast 122
4-Lamp F40T12 w/ EEMayg Ballast 164
1-Lamp FA0T12 w/ Mag Ballast 57
2-Lamp F40T12 w/ Mag Ballast 94
3-Lamp F40T12 w/ May Ballast 147
4-Lamp FA0T12 w/ Mag Ballast 182
1-Lamp F32 T8 32
2-Lamp F32 T8 59
3-Lamp F32 T18 [ili]
4-Lamp F32 T8 114
6341bid.
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B-1: Time of Sale T5 Component Costs and Lifetime®835

Base Base
EE Lamp EE Base Lamp Base Ballast
EE Rep. Labor Ballast EE Ballast Base Lamp Rep. Ballast Rep.
Lamp EE Lamp Life Costper EE Ballast Life Rep. Labor #Base Lamp Life Labor # Base Base Ballast Life Labor
EE Measure Description Cost (hrs) lamp Cost (hrs) Cost Baseline Description _Lamps  Cost (hrs) Cost__ Ballasts Cost (hrs) Cost
200 Watt Pulse Start
3-Lamp T5 High-Bay $12.00 20000 $6.67 $52.00 70000 $22.50 |Metal-Halide 1.00 | $21.00 | 10000 | $6.67 1.00 $87.75 40000 | $22.50
320 Watt Pulse Start
4-Lamp T5 High-Bay $12.00 20000 $6.67 $52.00 70000 $22.50 |Metal-Halide 1.00 | $21.00 | 20000 | $6.67 1.00 $109.35 40000 | $22.50
Adjusted according to
6-Lamp HPT8
6-Lamp T5 High-Bay $12.00 20000 $6.67 $52.00 | 70000 | $22.50 |Equivalent to 320 1.36 | $21.00 | 20000 | $6.67 | 1.50 $109.35 | 40000 | $22.50

Proportionally

adjusted according to
2-Lamp T5 Equivalent
1-Lamp T5 Troffer/Wrap $12.00 20000 $2.67 $52.00 | 70000 | $15.00 |to 3-Lamp T8 1.50 | $2.50 | 20000 | $2.67 | 0.50 $15.00 70000 | $15.00

3-Lamp F32T8
Equivalent w/ Elec.
2-Lamp T5 Troffer/Wrap $12.00 20000 $2.67 $52.00 70000 $15.00 |Ballast 3.00 $2.50 | 20000 | $2.67 1.00 $15.00 70000 | $15.00

Proportionally

adjusted according to
2-Lamp T5 Equivalent
1-Lamp T5 Industrial/Strip $12.00 20000 $2.67 $52.00 70000 $15.00 |[to 3-Lamp T8 1.50 $2.50 | 20000 | $2.67 0.50 $15.00 70000 | $15.00

3-Lamp F32T8
Equivalent w/ Elec.
2-Lamp T5 Industrial/Strip $12.00 20000 $2.67 $52.00 | 70000 $15.00 |Ballast 3.00 | $2.50 | 20000 | $2.67 | 1.00 $15.00 70000 | $15.00

Proportionally
adjusted according to
3-Lamp T5 Industrial/Strip $12.00 20000 $2.67 $52.00 70000 $15.00 |2-Lamp T5 Equivalent| 4.50 $2.50 | 20000 | $2.67 1.50 $15.00 70000 | $15.00

Proportionally

adjusted according to
2-Lamp T5 Equivalent
4-Lamp T5 Industrial/Strip $12.00 20000 $2.67 $52.00 70000 $15.00 |[to 3-Lamp T8 6.00 $2.50 | 20000 | $2.67 2.00 $15.00 70000 | $15.00

Proportionally

adjusted according to
2-Lamp T5 Equivalent
1-Lamp T5 Indirect $12.00 20000 $2.67 $52.00 70000 $15.00 [to 3-Lamp T8 1.50 $2.50 | 20000 | $2.67 0.50 $15.00 70000 | $15.00

3-Lamp F32T8
Equivalent w/ Elec.
2-Lamp T5 Indirect $12.00 20000 $2.67 $52.00 | 70000 | $15.00 |Ballast 3.00 | $2.50 | 20000 | $2.67 | 1.00 $15.00 70000 | $15.00

635 Adapted from Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, October 26, 2011.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 425 of 493



Illinois Statewide Technical Reference Manual- 4.5.12 T5 Fixtures and Lamps

B-2: T5 Retrofit Component Costs and Lifetime836

Eaze Eaze
EE Lamp EE Baze | Lamp Eaze | Ballast
EE Fep. Labor Ballazt | EE Ballast Base | Lamp | Fep. | #Base Baze Ballast | Rep.
Lamp |EE LampLife| Costper | EEEBallast| Life | FRep. Labor #Base | Lamp Life Labor | Ballast| Ballast Life L abar
EE Measure Description Cost [kr=) lamp Cost [hrs) Cost Eazsling Deseription Lamps | Cost [krs) Cost = Cost [hrs) Cost
FLamp T5 High-Bay $12.00 20000 $6.67 $5200 | 7oooo | gezs0  |200%WattPulse Start Metal-Halide 100 | g2100 | 10000 | $667 | 100 a3 | 40000 | 2250
260 W' att Metal Halide 1.00 $21.00 | 10000 | $6E7 1.00 82 | 40000 | $22.60
4-Lamp T5 High-Bay $12.00 20000 FE.ET $52.00 | FO000 | $2250 | 320 att Pulse Start Metal-Halide 100 | gva00| 20000 | $6.67 1.00 109 | 40000 | $22.50
400 ' att Metal Halide 1.00 $17.00 | 20000 | $EE7 1.00 14 | 40000 | $22.50
Proportionally &djusted according ta 6-
E-Lamp Th High-Bay $12.00 20000 $EEY $52.00 Fo0a0 42280 |Lamp HP TS Equivalent to 320 FSMH 136 $72.00 | 20000 | $6.67 1.50 1049 | 40000 | 42260
Proportionally adjusted according to 2-
I-Lamp TE Trofferfrap $12.00 20000 267 #5200 | vo000 | 1500  [Lamp TS Equivalentto 3-Lamp T2 150 | g250 | 20000 | $267 | 050 15 | 70000 | $15.00
3-Lamp F32T% Equivalent w Elec,
2-Lamp T5 Troffertrap $12.00 20000 F2E7 $52.00 | 70000 $15.00 | Ballast 200 | g250 | 20000 | $267 100 15 | 70000 | $15.00
Proportionally adjusted according to 2-
FLamp T8 IndustrialfStrip $12.00 20000 F2E7 $52.00 | 70000 $15.00  |Lamp T5 Equivalent to 3-Lamp T8 150 $2.50 | 20000 | $267 | 050 15 | 70000 | $15.00
3-Lamp F32T& Equivalent w Elec.
2-Lamp T4 Industrial!Strip $12.00 20000 F2E7 $52.00 | 70000 $15.00 | Ballast 200 | g250 | 20000 | $267 1.00 15 | 70000 | #1500
Proportionally adjusted according to 2-
#-Lamp TS IndustrialtStrip $12.00 20000 $267 $52.00 Fo0a0 $15.00  [Lamp TS Equivalent to 2-Lamp T2 4.50 $2.60 | 20000 | $267 1.50 15 | o000 | 1500
Froportionally adjusted according bo 2-
4-Lamp TS IndustrialtStrip $12.00 20000 $267 $52.00 Fo0a0 $15.00  [Lamp TS Equivalent to 3-Lamp TS .00 $2.60 | 20000 | $267 2.00 15 | o000 | $15.00
Proportionally adjusted according to 2-
I-Lamp TS Indirect $12.00 20000 $2E7 $52.00 | 70000 | #1500  [Lamp TS Equivalentto 3-Lamp T2 150 | g250 | 20000 | $267 | 050 165 | 70000 | $15.00
3-Lamp F32T3 Equivalent w Elec.
Z-Lamp T Indirect $12.00 20000 $2.67 $52.00 | 70000 | 41500 |Eallast 300 | 250 | 20000 | 267 | 100 15 | 7oo00 | $15.00

636 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, October 26, 2011
EPE Program Downloads. Web accessed http://www.epelectricefficiency.com/downloads.asp?section=ci download Copy of LSF_2012_v4.04_250rows.xIs.
Kuiken et al, Focus on Energy Evaluation. Business Programs: Deemed Savings Manual v1.0, Kema, march 22, 2010 available at

http://www.focusonenergy.com/files/Document Management System/Evaluation/bpdeemedsavingsmanuavl0 evaluationreport.pdf
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C-1: T12 Baseline Adjustment:

Savings Adjustment Factors

Equivalent T12 watts
adjusted for lumen
equivalency-34 w and 40 w

Equivalent T12 watts adjusted
for lumen equivalency-40 w

Equivalent T12 watts adjusted for
lumen equivalency-40 w with Mag

Prportionally Adjusted for
Lumens wattage for T8

| waftls with EEMag bhallast with EEMag bhallast hallast equivalent

1-Lamp T3 Industrial/Strip 32 61 73 82 4
2-Lamp T3 Industrial/Strip 64 103 125 135 ili]
3-Lamp T3 Industrial/Strip 96 167 185 211 132
4-Lamp T4 Industrial/Strip 128 211 249 226 178

Savings Factor Adjustment

Savings Factor Adjustment to

Savings Factor Adjustment to the T8

to the T8 bhaseline the T8 baseline haseline
1-Lamp T4 Industrial/Strip 42% 29% 24%
2-Lamp T Industrial/Strip 61% 40% I
3-Lamp T3 Industrial/Strip 1% 40% Ik
4-Lamp TS Industrial/Strip 60% 41% 51%h

Measures installed in 2016 will claim full savings for two years, 2017 for one year. Savings adjustment factors based on a T8 baseline will be applied to the full
savings for savings starting in 2018 and for the remainder of the measure life. The adjustment to be applied for each measure is listed in the reference table
above and is based on equivalent lumens.

MEASURE CODE: CI-LTG-T5FX-V04-160601
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4.5.13 Occupancy Controlled Bi-Level Lighting Fixtures

DESCRIPTION

This measure relates to replacing existing uncontrolled continuous lighting fixtures with new bi-level lighting
fixtures. This measure can only relate to replacement in an existing building, since multi-level switching is required
in the Commercial new construction building energy code (IECC 2012/2015).

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient system is assumed to be an occupancy controlled lighting
fixture that reduces light level during unoccupied periods.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be an uncontrolled lighting system on continuously, e.g. in stairwells and
corridors for health and safety reasons.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for all lighting controls is assumed to be 8 years837,

DEEMED MEASURE COST

When available, the actual cost of the measure shall be used. When not available, the assumed measure cost is
$274538,

LOADSHAPE
Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape CO8 - Hospital Indoor Lighting
Loadshape C09 - Office Indoor Lighting
Loadshape C10 - Restaurant Indoor Lighting
Loadshape C11 - Retail Indoor Lighting
Loadshape C12 - Warehouse Indoor Lighting
Loadshape C13 - K-12 School Indoor Lighting
Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting

637 DEER 2008.

638 Consistent with the Multi-level Fixture measure with reference to Goldberg et al, State of Wisconsin Public Service
Commission of Wisconsin, Focus on Energy Evaluation, Business Programs: Incremental Cost Study, KEMA, October 28, 2009.
Also consistent with field experience of about $250 per fixture and $25 install labor.
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Loadshape C19 - Industrial Outdoor Lighting
Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in the reference section below.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = (KWBaseIine - (KWControIIed *(1 —ESF))) * Hours * WHF.

Where:

KWaaseline = Total baseline lighting load of the existing/baseline fixture
= Actual
Note that if the existing fixture is only being retrofit with bi-level occpuancy controls and
not being replaced KWaaseline Will equal KWcontrolled -

KW controlled = Total contolled lighting load at full light output of the new bi-level fixture
= Actual

Hours = Number of hours lighting is on. This measure is limited to 24/7 operation.
= 8,766

ESF = Energy Savings factor (represents the percentage reduction to the KWcontrolled due to

the occupancy control).
=% Standby Mode * (1 - % Full Light at Standby Mode)

% Standby Mode = Represents the percentage of the time the fixture
is operating in standby (i.e. low-wattage) mode.

% Full Light at Standby Mode = Represents the assumed wattage
consumption during standby mode relative to the
full wattage consumption. Can be achieved either
through dimming or a stepped control strategy.

= Dependent on application. If participant provided or metered data is available for both
or either of these inputs a custom savings factor should be calculated. If not defaults are
provided below:

Stairwells 78.5%5%° 50% 39.3%

639 Average found from the four buildings in the State of California Energy Commission Lighting Research Program
Bi-Level Stairwell Fixture Performance Final Report:
http://www.archenergy.com/Irp/lightingperf standards/project 5 1 reports.htm
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33% 52.6%
10% 70.7%
5% 74.6%
50% 25.0%
33% 33.5%
Corridors 50.0%540
10% 45.0%
5% 47.5%
50% 25.0%
33% 33.5%
Other 24/7 Space Type 50.0%°%4
10% 45.0%
5% 47.5%
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient

lighting is provided in the Reference Table in Section 4.5 for each building type. If
building is un-cooled, the value is 1.0.

HEATING PENALTY
If electrically heated building:

AKW hheatpenatty®*? = (KWaaseline - (KWcontrolled *(1 —ESF))) * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat
rejected by the efficent lighting. Values are provided in the Reference Table in Section
4.5. If unknown, use the Miscellaneous value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = (KWBaseIine - (KWControIIed * (1 —ESF))) * WH Fd * (CFbaseIine' CFos)

Where:
WHFq = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in
cooled buildings is provided in the Reference Table in Section 4.5. If the building is un-
cooled WHFd is 1.
CFbaseline = Baseline Summer Peak Coincidence Factor for the lighting system without Occupancy

Sensors installed selected from the Reference Table in Section 4.5 for each building

640 Value determined from the Pacific Gas and Electric Company: Bi-Level Lighting Control Credits study for Interior Corridors of
Hotels, Motels and High Rise Residential.

http://www.energy.ca.gov/title24/2005standards/archive/documents/2002-07-18 workshop/2002-07-

18 BILEVEL LIGHTING.PDF

641 Conservative estimate.

642Negative value because this is an increase in heating consumption due to the efficient lighting.
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type. If the building type is unknown, use the Miscellaneous value of 0.66

CFos = Retrofit Summer Peak Coincidence Factor the lighting system with Occupancy Sensors
installed is 0.15 regardless of building type.543

NATURAL GAS HEATING PENALTY
If natural gas heating:

Atherms = (KWaaseline - (KWcontrolled *(1 —ESF))) * Hours * - IFTherms
Where:

IFTherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected
by the efficient lighting and provided in the Reference Table in Section 4.5 by buidling
type.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-LTG-OCBL-V02-160601

643 Coincidence Factor Study Residential and Commercial Industrial Lighting Measures, RLW Analytics, Spring 2007. Note, the
connected load used in the calculation of the CF for occupancy sensor lights includes the average ESF.
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4.5.14 Commercial ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)

DESCRIPTION

An ENERGY STAR qualified specialty compact fluorescent bulb is installed in place of an incandescent specialty bulb
in a commercial location. If the implementation strategy does not allow for the installation location to be known a
deemed split should be used. For Residential targeted programs (e.g. an upstream retail program), a deemed split
of 96% Residential and 4% Commercial assumptions should be used®44, and for Commercial targeted programs a
deemed split of 4% Residential and 96% Commercial should be used®4°.

This measure was developed to be applicable to the following program types: TOS, NC, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Energy Star qualified specialty CFL bulb based upon the draft ENERGY STAR specification for lamps
(http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf).

DEFINITION OF BASELINE EQUIPMENT

The baseline is a specialty incandescent light bulb including those exempt of the EISA 2007 standard: three-way,
plant light, daylight bulb, bug light, post light, globes G40 (<40W), candelabra base (<60W), vibration service bulb,
decorative candle with medium or intermediate base (<40W), shatter resistant and reflector bulbs and standard
bulbs greater than 2601 lumens, and those non-exempt from EISA 2007: dimmable, globes (less than 5” diameter
and >40W), candle (shapes B, BA, CA >40W, candelabra base lamps (>60W) and intermediate base lamps (>40W).

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life (humber of years that savings should be claimed) should be calculated by dividing the
rated life of the bulb (10,000 hours®46) by the run hours. For example using Miscellaneous at 4,589 hours would
give 2.2 years. When the number of years exceeds June 2020, the number of years to that date should be used.

DEeMED MEASURE COST

For the Retail (Time of Sale) measure, the incremental capital cost for this measure is $5647.

For the Refrtofit measures, the full cost of $8.50 should be used plus $5 labor®8 for a total of $13.50. However
actual program delivery costs should be utilized if available.

LOADSHAPE

Loadshape C06 - Commercial Indoor Lighting
Loadshape CO7 - Grocery/Conv. Store Indoor Lighting
Loadshape C08 - Hospital Indoor Lighting

Loadshape C09 - Office Indoor Lighting

Loadshape C10 - Restaurant Indoor Lighting

644 RES v C&I split is based on a weighted (by sales volume) average of ComEd PY4-6 and Ameren PY5-6 in store intercept survey
results.

645 Based upon final weighted (by sales volume) average of the BILD program (ComEd’s commercial lighting program) for PY 4
and PY5 and PY6.

646 Energy Star bulbs have a rated life of at least 8000 hours. In commercial settings you expect significantly less on/off
switching than residential and so a rated life assumption of 10,000 hours is used.

647 NEEP Residential Lighting Survey, 2011

648 Based on 15 minutes at $20 per hour.
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Loadshape C11 - Retail Indoor Lighting

Loadshape C12 - Warehouse Indoor Lighting

Loadshape C13 - K-12 School Indoor Lighting

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights)
Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights)
Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights)
Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights)
Loadshape C18 - Industrial Indoor Lighting

Loadshape C19 - Industrial Outdoor Lighting

Loadshape C20 - Commercial Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for
each building type in section 4.5.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe

Where:

WattsBase = Actual wattage equivalent of incandescent specialty bulb, use the tables
below to obtain the incandescent bulb equivalent wattage®49; use 60W if unknown®°

EISA exempt bulb types:

Lower Lumen Upper Lumen
Bulb Type WattsBase

Range Range
2601 2999 150
Standard Spirals >=2601 3000 5279 200
5280 6209 300
250 449 25
450 799 40
800 1099 60

3-Way

1100 1599 75
1600 1999 100
2000 2549 125

649 Based upon the draft ENERGY STAR specification for lamps
(http://energystar.gov/products/specs/sites/products/files/ENERGY STAR Lamps V1 0 Draft%203.pdf) and the Energy Policy
and Conservation Act of 2012.

650 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7 Watts (KEMA, Inc, The
Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics, Draft Evaluation Report: Upstream Lighting Program.
Prepared for the California Public Utilities Commission, Energy Division. December 10, 2009)
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Lower Lumen Upper Lumen

Bulb Type WattsBase
Range Range
2550 2999 150
90 179 10
_  Globe - 180 249 15
(medium and intermediate bases less
250 349 25
than 750 lumens)
350 749 40
Decorative 70 89 10
(Shapes B, BA, C, CA, DC, F, G, medium 90 149 15
and intermediate bases less than 750 150 299 25
lumens) 300 749 40
90 179 10
Globe 180 249 15
(candelabra bases less than 1050 250 349 25
lumens) 350 499 40
500 1049 60
) 70 89 10
Decorative 20 149 15
(Shapes B, BA, C, CA, DC, F, G,
150 299 25
candelabra bases less than 1050
300 499 40
lumens)
500 1049 60

EISA non-exempt bulb types:

Incandescent
Equivalent
Post-EISA 2007
(WattsBase)

310 749 29

Lower Upper
Bulb Type Lumen Lumen

Range Range

Dimmable Twist, Globe (less than 5" in
diameter and > 749 lumens), candle 750 1049 43
(shapes B, BA, CA > 749 lumens),
Candelabra Base Lamps (>1049 lumens),
Intermediate Base Lamps (>749 lumens) | 1490 2600 72

1050 1489 53

Directional Lamps - ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for lamps with rated
wattages less than 20Wand 50 Lm/W for lamps with rated wattages >= 20 watts65L,

For Directional R, BR, and ER lamp types652:

651 From pg 10 of the Energy Star Specification for lamps v1.1
652 From pg 11 of the Energy Star Specification for lamps v1.1
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Lower Upper
Bulb Type Lumen Lumen  Wattsgase
Range Range
420 472 40
473 524 45
525 714 50
R, ER, BR with 715 937 65
medium screw 938 1259 75
bases w/
diameter >2.25" 1260 1399 0
(*see exceptions 1400 1739 100
below) 1740 2174 120
2175 2624 150
2625 2999 175
3000 4500 200
*R, BR, and ER 400 449 40
with medium 450 499 45
screw bases w/
diameter 500 643 >0
<=2.25" 650 1199 65
400 449 40
*ER30, BR30,
BRA0, or ER40 450 499 45
500 649 50
*BR30, BR40, or
ERA0 650 1419 65
400 449 40
*R20
450 719 45
*All reflector 200 299 20
lamps below
lumen ranges
specified above 300 339 30

Directional lamps are exempt from EISA regulations.

For PAR, MR, and MRX Lamps Types:

For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP)
and beam angle measurements to accurately estimate the equivalent baseline wattage. The formula
below is based on the Energy Star Center Beam Candle Power tool.553 If CBCP and beam angle information
are not available or if the equation below returns a negative value (or undefined), use the manufacturer’s
recommended baseline wattage equivalent.654

653 http://energystar.supportportal.com/link/portal/23002/23018/Article/32655/
654 The Energy Star Center Beam Candle Power tool does not accurately model baseline wattages for lamps with certain bulb
characteristic combinations — specifically for lamps with very high CBCP.
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Wattsbase =

375.1 — 4.355(D) — /227,800 — 937.9(D) — 0.9903(D2) — 1479(BA) — 12.02(D * BA) + 14.69(BA2) — 16,720 * In(CBCP)

Where:
D = Bulb diameter (e.g. for PAR20 D = 20)
BA = Beam angle
CBCP = Center beam candle power

The result of the equation above should be rounded DOWN to the nearest wattage established by Energy Star:

Diameter Permitted Wattages

16 20, 35, 40, 45, 50, 60, 75

20 50

30S 40, 45, 50, 60, 75

30L 50, 75

38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250

EISA non-exempt bulb types:

Incandescent

Equivalent

Bulb Type
Post-EISA 2007

(WattsBase)

Dimmable Twist, Globe (less than 5" in 310 749 29
diameter and > 749 lumens), candle
(shapes B, BA, CA > 749 lumens),
Candelabra Base Lamps (>1049 1050 1489 53
lumens), Intermediate Base Lamps

750 1049 43

1490 2600 72
(>749 lumens)
WattsEE = Actual wattage of energy efficient specialty bulb purchased, use 15W if
unknown®5%
ISR = In Service Rate or the percentage of units rebated that get installed.

=100%556 if application form completed with sign off that equipment is not

655 An evaluation (Energy Efficiency / Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: Residential
Energy Star ® Lighting

http://ilsag.org/yahoo site admin/assets/docs/ComEd Res Lighting PY2 Evaluation Report 2010-12-21 Final.12113928.pdf
) reported 13-17W as the most common specialty CFL wattage (69% of program bulbs). 2009 California data also reported an
average CFL wattage of 15.5 Watts (KEMA, Inc, The Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program, Prepared for the California Public Utilities Commission, Energy Division.
December 10, 2009).

656 [|linois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough
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placed into storage

If sign off form not completed assume the following 3 year ISR assumptions:

Weigted Final
Average 1% 2" year 3 year Lifetime In

year In Service Installations Installations Service
Rate (ISR) Rate

71.2%857 14.5% 12.3% 98.0%°58

Hours = Average hours of use per year are provided in Reference Table in Section 4.5,
Screw based bulb annual operating hours, for each building type®%°. If unknown
use the Miscellaneous value.

WHFe = Waste heat factor for energy to account for cooling energy savings from
efficient lighting are provided below for each building type in Reference Table
in Section 4.5. If unknown, use the Miscellaneous value.

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year
2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

issue to warrant including an “In-Service Rate” when commercial customers complete an application form.

657 1st year in service rate is based upon review of PY4-6 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL
Commercial Lighting ISR_2014.xls’ for more information. The average first year ISR was calculated weighted by the number of
bulbs sold.

658The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3
year installations should be counted as part of those future program year savings. Note that this Final Install Rate does NOT
account for leakage of purchased bulbs being installed outside of the utility territory. EM&V should assess how and if data from
evaluation should adjust this final installation rate to account for this impact

659 Based on ComEd analysis taking DEER 2008 values and averaging with PY1 and PY2 evaluation results.
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EXAMPLE

For example, for a 14W 500 lumen R20 reflector lamp is installed in an office and sign off form provided.
AkWh = (((45 - 14)/1000) * 1.0 * 3088 * 1.25
=119.7 kWh

HEATING PENALTY
If electrically heated building:

AKkW hheatpenaly®®° = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh
Where:

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the
increased electric space heating requirements due to the reduction of waste heat rejected by the
efficent lighting. Values are provided in the Reference Table in Section 4.5. If unknown, use the
Miscellaneous value.

EXAMPLE

For example, for a 14W 500 lumen R20 reflector lamp is installed in a heat pump heated office and sign off
form provided.

AkWhheatpenaly = (((45 - 14)/1000) * 1.0 * 3088 * -0.183
=-17.5kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase-WattsEE)/1000) * ISR * WHFd * CF

Where:

WHFd = Waste heat factor for demand to account for cooling savings from efficient
lighting in cooled buildings is provided in the Reference Table in Section 4.5. If
unknown, use the Miscellaneous value..

CF = Summer Peak Coincidence Factor for measure is provided in the Reference

Table in Section 4.5. If unknown, use the Miscellaneous value..

Other factors as defined above

660Negative value because this is an increase in heating consumption due to the efficient lighting.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 438 of 493




Illinois Statewide Technical Reference Manual- 4.5.14 Commercial ENERGY STAR Specialty Compact Fluorescent
Lamp (CFL)

EXAMPLE

For example, for a 14W 500 lumen R20 reflector lamp is installed in an office and sign off form provided.
AkW  =((45 - 14)/1000) * 1.0 * 1.3 * 0.66
=0.027kW

NATURAL GAS SAVINGS

Heating Penalty if fossil fuel heated building (or if heating fuel is unknown):
ATherms®61 = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms
Where:

IFTherms = Lighting-HVAC Interation Factor for gas heating impacts; this factor represents the
increased gas space heating requirements due to the reduction of waste heat rejected by the efficent
lighting. Values are provided in the Reference Table in Section 4.5. If unknown, use the Miscellaneous
value.

Other factors as defined above

EXAMPLE

For example, for a 14W 500 lumen R20 reflector lamp is installed in a gas heated office and sign off form
provided.

ATherms =(((45 - 14)/1000) * 1.0 * 3088 * -0.016
=-1.5Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeeMED O&M CoST ADJUSTMENT CALCULATION

The following O&M assumptions should be used: Life of the baseline bulb is assumed to be (1000/HOURS) year;
baseline replacement cost is assumed to be $3.5 for those bulbs types exempt from EISA and $5 for non-exempt
EISA bulb types defined above®®2, . It is important to note that for cost-effectiveness screening purposes, the 0&M
cost adjustments should only be applied in cases where the light bulbs area actually in service and so should be
multiplied by the appropriate ISR.

MEASURE CoDE: CI-LTG-SCFL-V02-160601

661 Negative value because this is an increase in heating consumption due to the efficient lighting.
662 NEEP Residential Lighting Survey, 2011
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4.6 Refrigeration End Use

4.6.1 Automatic Door Closer for Walk-In Coolers and Freezers

DESCRIPTION

This measure is for installing an auto-closer to the main insulated opaque door(s) of a walk-in cooler or freezer.
The auto-closer must firmly close the door when it is within 1 inch of full closure.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

This measure consists of the installation of an automatic, hydraulic-type door closer on main walk-in cooler or
freezer doors. These closers save energy by reducing the infiltration of warm outside air into the refrigeration
itself.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be a walk in cooler or freezer
without an automatic closure.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed measure life is 8 years.63

DEEMED MEASURE COST

The deemed measure cost is $156.82 for a walk-in cooler or freezer.664
LOADSHAPE

Loadshape C22 - Commercial Refrigeration

COINCIDENCE FACTOR

The measure has deemed kW savings therefore a coincidence factor does not apply.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Savings calculations are based on values from through PG&E’s Workpaper PGECOREF110.1 — Auto-Closers for Main
Cooler or Freezer Doors. Savings are averaged across all California climate zones and vintages®6°.

Walk in Cooler 943

Walk in Freezer 2307

663 Source: DEER 2008
664 |bid.
665 Measure savings from ComEd TRM developed by KEMA. June 1, 2010
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

Walk in Cooler 0.137

Walk in Freezer 0.309

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-ATDC-V01-120601
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4.6.2 Beverage and Snack Machine Controls

DESCRIPTION

This measure relates to the installation of new controls on refrigerated beverage vending machines, non-
refrigerated snack vending machines, and glass front refrigerated coolers. Controls can significantly reduce the
energy consumption of vending machine and refrigeration systems. Qualifying controls must power down these
systems during periods of inactivity but, in the case of refrigerated machines, must always maintain a cool product
that meets customer expectations. This measure relates to the installation of a new control on a new or existing
unit. This measure should not be applied to ENERGY STAR qualified vending machines, as they already have built-in
controls.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a standard efficiency
refrigerated beverage vending machine, non-refrigerated snack vending machine, or glass front refrigerated cooler
with a control system capable of powering down lighting and refrigeration systems during periods of inactivity.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard efficiency
refrigerated beverage vending machine, non-refrigerated snack vending machine, or glass front refrigerated cooler
without a control system capable of powering down lighting and refrigeration systems during periods of inactivity

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 5 years °°,

DEEMED MEASURE COST

The actual measure installation cost should be used (including material and labor), but the following can be
assumed for analysis purposes®’:

Refrigerated Vending Machine and Glass Front Cooler: $180.00
Non-Refrigerated Vending Machine: $80.00
LOADSHAPE

Loadshape C52 - Beverage and Snack Machine Controls

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 066,

666 \Measure Life Study, prepared for the Massachusetts Joint Utilities, Energy & Resource Solutions, November 2005.

667 ComEd workpapers, 8—15-11.pdf

668 Assumed that the peak period is coincident with periods of high traffic diminishing the demand reduction potential of
occupancy based controls.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = WATTSbase / 1000 * HOURS * ESF

Where:
WATTSbase = connected W of the controlled equipment; see table below for default values by
connected equipment type:
Refrigerated Beverage Vending Machines 400
Non-Refrigerated Snack Vending Machines 85
Glass Front Refrigerated Coolers 460
1000 = conversion factor (W/kW)
HOURS = operating hours of the connected equipment; assumed that the equipment operates
24 hours per day, 365.25 days per year
= 8766
ESF = Energy Savings Factor; represents the percent reduction in annual kWh consumption
of the equipment controlled; see table below for default values:
Refrigerated Beverage Vending Machines 46%
Non-Refrigerated Snack Vending Machines 46%
Glass Front Refrigerated Coolers 30%
EXAMPLE

For example, adding controls to a refrigerated beverage vending machine:
AkWh = WATTSbase / 1000 * HOURS * ESF
=400/1000* 8766* 0.46
=1613 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

669 USA Technologies Energy Management Product Sheets, July 2006; cited September 2009. <http://
http://www.usatech.com/energy_management/energy_productsheets.php>
670 |bid.
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NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-BEVM-V02-150601
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4.6.3 Door Heater Controls for Cooler or Freezer

DESCRIPTION

By installing a control device to turn off door heaters when there is little or no risk of condensation, one can realize
significant energy savings. There are two commercially available control strategies that achieve “on-off” control of
door heaters based on either (1) the relative humidity of the air in the store or (2) the “conductivity” of the door
(which drops when condensation appears). In the first strategy, the system activates your door heaters when the
relative humidity in your store rises above a specific setpoint, and turns them off when the relative humidity falls
below that setpoint. In the second strategy, the sensor activates the door heaters when the door conductivity falls
below a certain setpoint, and turns them off when the conductivity rises above that setpoint.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a door heater control on a
commercial glass door cooler or refrigerator utilizing humidity or conductivity control.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be a commercial glass door cooler
or refrigerator with a standard heated door with no controls installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years 671,
DEEMED MEASURE COST

The incremental capital cost for a humidity-based control is $300 per circuit regardless of the number of doors
controlled. The incremental cost for conductivity-based controls is $200°72,

LOADSHAPE
Loadshape C51 - Door Heater Control
COINCIDENCE FACTOR®"3

The summer peak coincidence factor for this measure is assumed to be 0%°74.

671 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, December 16, 2008.

672 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

673 Source partial list from DEER 2008

674 Based on the assumption that humidity levels will most likely be relatively high during the peak period, reducing the
likelihood of demand savings from door heater controls.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWH = kWhbase * NUMdoors * ESF * BF * 8766
Where:

kWbase®” = connected load kW for typical reach-in refrigerator or freezer door and frame with a
heater.

= If actual kWbase is unknown, assume 0.195 kW for freezers and 0.092 kW for coolers.
NUMdoors = number of reach-in refrigerator or freezer doors controlled by sensor
= Actual installed

ESF676 = Energy Savings Factor; represents the percentage of hours annually that the door
heater is powered off due to the controls.

= assume 55% for humidity-based controls, 70% for conductivity-based controls

BF577 = Bonus Factor; represents the increased savings due to reduction in cooling load inside
the cases, and the increase in cooling load in the building space to cool the additional
heat generated by the door heaters.

Representative Evaporator

Definition Typical Uses

Temperature Range, °F%78

Low 3500 Freezers.for t'lmes such as 1.36
frozen pizza, ice cream, etc.

Medium 0-20 Cc?olers for items such as meat, 1.22
milk, dairy, etc
Coolers for items such as floral,

High 20-45 produce and meat preperation 1.15
rooms

8766 =annual hours of operation

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

675 A review of TRM methodologies from Vermont, New York, Wisconsin, and Connecticut reveals several different sources for
this factor. Connecticut requires site-specific information, whereas New York’s characterization does not explicitly identify the
kWhbase. Connecticut and Vermont provide values that are very consistent, and the simple average of these two values has
been used for the purposes of this characterization.

676 A review of TRM methodologies from Vermont, New York, Wisconsin, and Connecticut reveals several different estimates of
ESF. Vermont is the only TRM that provides savings estimates dependent on the control type. Additionally, these estimates are
the most conservative of all TRMs reviewed. These values have been adopted for the purposes of this characterization.

677 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

678 Energy Efficiency Supermarket Refrigeration, Wisconsin Electric Power Company, July 23, 1993
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NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEeASURE CoDE: CI-RFG-DHCT-V01-120601
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4.6.4 Electronically Commutated Motors (ECM) for Walk-in and Reach-in Coolers / Freezers

DESCRIPTION

This measure is applicable to the replacement of an existing standard-efficiency shaded-pole evaporator fan motor
in refrigerated display cases or fan coil in walk-ins.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

This measure applies to the replacement of an existing standard-efficiency shaded-pole evaporator fan motor in
refrigerated display cases or fan coil in walk-ins. The replacement unit must be an electronically commutated
motor (ECM). This measure cannot be used in conjunction with the evaporator fan controller measure

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a shaded pole motor
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years®7°

DEEMED MEASURE COST

The measure cost is assumed to be $50 for a walk in cooler and walk in freezer. 680

LOADSHAPE

Loadshape C22 - Commercial Refrigeration

COINCIDENCE FACTOR

The measure has deemed peak kW savings therefore a coincidence factor does not apply.

Algorithm

CALCULATION OF SAVINGS 581

Savings values are obtained from the SCE workpaper for efficient evaporator fan motors, which covers all 16
California climate zones. SCE savings values were determined using a set of assumed conditions for restaurants
and grocery stores. We have used only PG&E climate zones in calculating our averages and have taken out the
drier, warmer climates of southern California. SCE’s savings approach calculates refrigeration demand, by taking
into consideration temperature, compressor efficiency, and various loads involved for both walk-in and reach-in
refrigerators. Details on cooling load calculations, including refrigeration conditions, can be found in the SCE
workpaper. The baseline for this measure assumes that the refrigeration unit has a shaded-pole motor. The
following tables are values calculated within the SCE workpaper.

Table 156 SCE Restaurant Savings Walk-In

679 DEER

680 Act on Energy Commercial Technical Reference Manual No. 2010-4

681 “Efficient Evaporator Fan Motors (Shaded Pole to ECM),” Workpaper WPSCNRRNOO11. Southern California Edison Company.
2007.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 448 of 493



Illinois Statewide Technical Reference Manual- 4.6.4 Electronically Commutated Motors (ECM) for Walk-in and
Reach-in Coolers/Freezers

Restaurant
SCE Workpaper Values Cooler Freezer
Northern California kWh Savings Per Peak kW Savings kWh Savings Per Peak kW Savings
Climate Zones Motor Per Motor Motor Per Motor

1 318 0.0286 507 0.03
2 253 0.033 263 0.037
3 364 0.0315 649 0.034
4 365 0.0313 652 0.034
5 350 0.0305 605 0.033
11 410 0.0351 780 0.04
12 399 0.034 748 0.039
13 407 0.0342 771 0.039
16 354 0.0315 620 0.034
Average 358 0.0322 622 0.036

Table 157: SCE Grocery Savings Walk-In
Grocery

SCE Workpaper Values Cooler Freezer

Northern California kWh Savings Per Peak kW Savings kWh Savings Per Peak kW Savings

Climate Zones Motor Per Motor Motor Per Motor

1 318 0.0284 438 0.03

2 252 0.0534 263 0.064
3 364 0.0486 552 0.056
4 365 0.048 553 0.055
5 349 0.0452 516 0.051
11 410 0.0601 656 0.074
12 398 0.0566 631 0.069
13 406 0.0574 649 0.07

16 354 0.0486 528 0.056
Average 357 0.0496 532 0.058

Table 158: SCE Grocery Savings Reach-In
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Grocery
SCE Workpaper Values Cooler Freezer
Northern California kWh Savings Per Peak kW Savings kWh Savings Per Peak kW Savings
Climate Zones Motor Per Motor Motor Per Motor
1 306 0.031 362 0.031
2 269 0.033 273 0.035
3 331 0.032 421 0.034
4 332 0.032 422 0.034
5 323 0.032 402 0.033
11 357 0.034 476 0.037
12 350 0.034 462 0.036
13 355 0.034 472 0.037
16 325 0.032 409 0.034
Average 328 0.033 411 0.035

Savings values in the following table are an average of walk-in cooler (80 percent) and freezer (20 percent)
applications. The workpapers for the 2006-2008 program years include this distribution of coolers and freezers in
their refrigeration measure savings analyses.

ELECTRIC ENERGY SAVINGS

The following table provides the kWh savings.

Building type kWh Savings/motor

Restaurant 411
Grocery 392
Average 401

SUMMER COINCIDENT PEAK DEMAND SAVINGS

The following table provides the kW savings

Building Type ‘ Peak kW Savings/motor

Restaurant 0.033
Grocery 0.051
Average 0.042

NATURAL GAS ENERGY SAVINGS
N/A
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-ECMF-V01-120601
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4.6.5 ENERGY STAR Refrigerated Beverage Vending Machine

DESCRIPTION

ENERGY STAR qualified new and rebuilt vending machines incorporate more efficient compressors, fan motors,
and lighting systems as well as low power mode option that allows the machine to be placed in low-energy lighting
and/or low-energy refrigeration states during times of inactivity.

This measure was developed to be applicable to the following program types: TOS, NC .
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The refrigerated vending machine can be new or rebuilt but must meet the ENERGY STAR specifications which
include low power mode.

DEFINITION OF BASELINE EQUIPMENT

The baseline vending machine is a standard unit
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed lifetime of this measure is 14 years682
DEEMED MEASURE COST

The incremental cost of this measure is $500983
LOADSHAPE

Loadshape C22 - Commercial Refrigeration
COINCIDENCE FACTOR

It is assumed that controls are only effective during off-peak hours and so have no peak-kW savings.

Algorithm

CALCULATION OF SAVINGS

Beverage machine savings are taken from the ENERGY STAR savings calculator and summarized in the following
table. ENERGY STAR provides savings numbers for machines with and without control software. The average
savings are calculated here.

ELECTRIC ENERGY SAVINGS

ENERGY STAR Vending Machine Savings®84

Vending kWh Savings kWh Savings
Machine Per Machine Per Machine

Capacity (cans) w/o software w/ software

682ENERGY STAR

683 ENERGY STAR

684 Savings from Vending Machine Calculator:
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=VMC
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Vending kWh Savings kWh Savings
Machine Per Machine Per Machine
Capacity (cans) w/o software w/ software
<500 1,099 1,659
500 - 599 1,754 2,231
600 - 699 1,242 1,751
700 - 799 1,741 2,283
800+ 713 1,288
Average 1,310 1,842

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-ESVE-V02-150601
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4.6.6 Evaporator Fan Control

DESCRIPTION

This measure is for the installation of controls in existing medium temperature walk-in coolers. The controller
reduces airflow of the evaporator fans when there is no refrigerant flow.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The measure must control a minimum of 1/20 HP where fans operate continuously at full speed. The measure also
must reduce fan motor power by at least 75% during the off cycle. This measure is not applicable if any of the
following conditions apply:

e The compressor runs all the time with high duty cycle
The evaporator fan does not run at full speed all the time
The evaporator fan motor runs on poly-phase power
e Evaporator does not use off-cycle or time-off defrost.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline measure is assumed to be a cooler with continuously
running evaporator fan. An ECM can also be updated with controls.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years©8°
DEEMED MEASURE COST

The measure cost is assumed to be $291686

LOADSHAPE

Loadshape C46 - Evaporator Fan Control

COINCIDENCE FACTOR

The measure has deemed kW savings therefore a coincidence factor does not apply.

Algorithm

CALCULATION OF SAVINGS

Savings for this measure were obtained from the DEER database. The baseline is assumed to be evaporator fans
that run continuously with either a permanent split capacitor or shaded-pole motors. In the energy-efficient case
the fan is still assumed to operate even with the evaporator inactive.%87

685 Source: DEER
686 Source: DEER
6872005 Database for Energy Efficiency Resources (DEER) Update Study Final Report
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ELECTRIC ENERGY SAVINGS

DEER provides savings numbers for building vintages and grocery only. The numbers are averages of these
vintages. We are assuming that this measure will be applicable for all building types. The DEER savings vary by
climate zone between 476 and 483 kWh/motor. Climate zone most closely remembling IL are 1, 3, and 16. The
simple average of the savings in those zones is given below.588

AkWh = Savings per motor * motors
Where:
Savings per motor =481 kWh
motors = number of fan motors controlled
SUMMER COINCIDENT PEAK DEMAND SAVINGS
Using the same source and methodology as for AkWh:
AkW = 0.060 kW
NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-EVPF-V02-140601

688 See “Ca Climate Zone Translation.docx” and “CDD Base 80 zone comparison.xlsx”
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4.6.7 Strip Curtain for Walk-in Coolers and Freezers

DESCRIPTION

This commercial measure pertains to the installation of infiltration barriers (strip curtains) on walk-in coolers or
freezers. Strip curtains impede heat transfer from adjacent warm and humid spaces into walk-ins when the main
door is opened, thereby reducing the cooling load. As a result, compressor run time and energy consumption are
reduced. The engineering assumption is that the walk-in door is open 72 minutes per day every day, and the strip
curtain covers the entire door frame.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is a polyethylene strip curtain added to a walk-in cooler or freezer
DEFINITION OF BASELINE EQUIPMENT

The baseline assumption is a walk-in cooler or freezer that previously had either no strip curtain installed or an old,
ineffective strip curtain installed.

DEeEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 6 years®.
DEEMED MEASURE COST

The incremental capital cost for this measure is $286.16 5%
LOADSHAPE

Loadshape C22 - Commercial Refrigeration

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is 100%°°*.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS®?

AkWh  =2,974 per freezer with curtains installed

689 M. Goldberg, J. Ryan Barry, B. Dunn, M. Ackley, J. Robinson, and D. Deangelo-Woolsey, KEMA. “Focus on Energy: Business
Programs — Measure Life Study”, August 2009.

690 Assume average walk in door size is 3.5 feet wide and 8 feet tall or 28 square feet. The reference for incremental cost is
$10.22 per square foot of door opening (includes material and labor). 2008 Database for Energy-Efficiency Resources (DEER),
Version 2008.2.05, “Cost Values and Summary Documentation”, California Public Utilities Commission, December 16, 2008,
Therefore incremental cost per door is $286.16

691 The summer coincident peak demand reduction is assumed as the total annual savings divided by the total number of hours
per year, effectively assuming the average demand reduction is realized during the peak period. This is a reasonable
assumption for refrigeration savings.

692 Values based on analysis prepared by ADM for FirstEnergy utilities in Pennsylvania, provided via personal communication
with Diane Rapp of FirstEnergy on June 4, 2010. Based on a review of deemed savings assumptions and methodologies from
Oregon and California, the values from Pennsylvania appear reasonable and are the most applicable.
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=422 per cooler with curtains installed

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh /8766 * CF
=0.34 for freezers
=0.05 for coolers
Where:
8766 = hours per year
CF = Summer Peak Coincidence Factor for the measure
=1.0
NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-RFG-CRTN-V03-150601
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4.6.8 Refrigeration Economizers

DESCRIPTION

This measure applies to commercial walk in refrigeration systems and includes two components, outside air
economizers and evaporator fan controllers. Economizers save energy by bringing in outside air when weather
conditions allow, rather than operating the compressor. Walk-in refrigeration systems evaporator fans run almost
all the time; 24 hrs/day, 365 days/yr. This is because they must run constantly to provide cooling when the
compressor is running, and to provide air circulation when the compressor is not running. However, evaporator
fans are a very inefficient method of providing air circulation. Installing an evaporator fan control system will turn
off evaporator fans while the compressor is not running, and instead turn on an energy-efficient 35 watt fan to
provide air circulation, resulting in significant energy savings. This measure allows for economizer systems with
evaporator fan controls plus a circulation fan and without a circulation fan.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure an economizer is installed on a walk in refrigeration system.
DEFINITION OF BASELINE EQUIPMENT
The baseline condition is a walk-in refrigeration system without an economizer

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The estimated life of this measure is 15 years®93,

DEEMED MEASURE COST

The installation cost for an economizer is $2,558.%%

LOADSHAPE

Loadshape C22 - Commercial Refrigeration

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 0%°%.

693 Estimated life from Efficiency Vermont TRM

694 Based on average of costs from Freeaire, Natural Cool, and Cooltrol economizer systems.

695 Based on the assumption that humidity levels will most likely be relatively high during the peak period, reducing the
likelihood of demand savings.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 458 of 493



Illinois Statewide Technical Reference Manual- 4.6.8 Refrigeration Economizers

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
Electric energy savings is calculated based on whether evaporator fans run all

With Fan Control Installed

AkWh = [HP * kWhCond] + [((kWEvap * nFans) — kWCirc) * Hours * DCComp * BF] — [kWEcon * DCEcon
* Hours]

Without Fan Control Installed

AkWh = [HP * kWhCond] — [kWEcon * DCEcon * Hours]

Where:
HP = Horsepower of Compressor

= actual installed

kWhCond = Condensing unit savings, per hp. (value from savings table) 6%

. . Scroll Discus
Semi-Hermetic

Hermetic /

kWh/HP 1,256 1,108 1,051
Hours = Number of annual hours that economizer operates %97,
1 (Rockford) 2,376
2 (Chicago/O’Hare) 1,968
3 (Springfield) 1,728
4 (Belleview) 1,488
5 (Marion) 1,224
DCComp = Duty cycle of the compressor
= 509 698

696 Savings table uses Economizer Calc.xls. Assume 5HP compressor size used to develop kWh/Hp value. No floating head
pressure controls and compressor is located outdoors

697 |n the source TRM (VT) this value was 2,996 hrs based on 38° F cooler setpoint, Burlington VT weather data, and 5 degree
economizer deadband. The IL numbers were calculated by using weather bin data for each location (hnumber of hours < 38F at
each location is the Hours value).

698 A 50% duty cycle is assumed based on examination of duty cycle assumptions from Richard Travers (35%-65%), Cooltrol
(35%-65%), Natural Cool (70%), Pacific Gas & Electric (58%). Also, manufacturers typically size equipment with a built-in 67%
duty factor and contractors typically add another 25% safety factor, which results in a 50% overall duty factor. (as referenced by
the Efficiency Vermont, Technical Reference User Manual)
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kWEvap = Connected load kW of each evaporator fan,

= If known, actual installed. Otherwise assume 0.123 kW69
kWCirc = Connected load kW of the circulating fan

= If known, actual installed. Otherwise assume 0.035 kw700
nFans = Number of evaporator fans

= actual number of evaporator fans

DCEcon = Duty cycle of the economizer fan on days that are cool enough for the economizer to
be working

= If known, actual installed. Otherwise assume 63%701
BF = Bonus factor for reduced cooling load from running the evaporator fan less or (1.3)792
kWEcon = Connected load kW of the economizer fan

= If known, actual installed. Otherwise assume 0.227 kW.703

EXAMPLE

For example, adding an outdoor air economizer and fan controls in Rockford to a 5 hp walk in refrigeration
unit with 3 evaporator fans would save:

AkWh = [HP * kWhCond] + [((kWEvap * nFans) — kWCirc) * Hours * DCComp * BF] — [kWEcon * DCEcon *
Hours]

=[5*1256] + [((0.123 * 3) — 0.035) * 2376 *0.5 * 1.3] — [0.227 * 0.63 * 2376]

= 6456 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / Hours

NATURAL GAS SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

699 Based on an a weighted average of 80% shaded pole motors at 132 watts and 20% PSC motors at 88 watts

700 Wattage of fan used by Freeaire and Cooltrol. This fan is used to circulate air in the cooler when the evaporator fan is
turned off. As such, it is not used when fan control is not present

701 Average of two manufacturer estimates of 50% and 75%.

702 Bonus factor (1+ 1/3.5) assumes COP of 3.5, based on the average of standard reciprocating and discus compressor
efficiencies with a Saturated Suction Temperature of 20°F and a condensing temperature of 90°F

703 The 227 watts for an economizer is calculated from the average of three manufacturers: Freeaire (186 Watts), Cooltrol (285
Watts), and Natural Cool (218 Watts).
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MEASURE CoDE: CI-RFG-ECON-V05-150601
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4.6.9 Night Covers for Open Refrigerated Display Cases

DESCRIPTION

This measure is the installation of fitted covers on existing open-type refrigerated and freezer display cases that
are deployed during the facility unoccupied hours. Night covers are designed to reduce refrigeration energy
consumption by reducing the work done by the compressor. Night covers reduce the heat and moisture entry into
the refrigerated space through various heat transfer mechanisms. By fully or partially covering the case opening,
night covers reduce the convective heat transfer into the case through reduced air infiltration. Additionally, they
provide a measure of insulation, reducing conduction into the case, and also decrease radiation into the case by
blocking radiated heat from entering the refrigerated space.

DEFINITION OF EFFICIENT EQUIPMENT

Curtains or covers on top of open refrigerated or freezer display cases that are applied at least six hours (during
off-hours) in a 24-hour period.

DEFINITION OF BASELINE EQUIPMENT

Refrigerated and freezer, open-type display case in vertical, semi-vertical, and horizontal displays, with no night
cover.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is 5 years, based on DEER 2014.704

DEEMED MEASURE COST

The incremental capital cost for this measure is $42 per linear foot of cover installed including material and
labor.705

LOADSHAPE
Loadshape 22: Commercial Refrigeration

COINCIDENCE FACTOR

N/A — savings occur at night only.

704 2014 Database for Energy-Efficiency Resources (DEER), Version 2014, “Cost Values and Summary Documentation”, California
Public Utilities Commission, January, 2014.
705 2014 Database for Energy-Efficiency Resources (DEER), Version 2014, “Cost Values and Summary Documentation”, California
Public Utilities Commission, January, 2014.
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Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh =ES*L
Where:
ES = the energy savings (AkWh/ft) found in table below:
ES
Case Annual .
Display Case Description Temperature  Electricity Use S TR
Range (°F) KWh/ft7°6 (= 9% reduction of
electricity use’®”.7%)
VertlFaI Open, Remote Condensing, 35°F to 55°F 1453 131
Medium Temperature
Vertical Open, Remote Condensing, 0°F to 30°F 3992 596
Low Temperature
Vertical Open, Self-Contained Medium 35°F to 55°F 2800 559
Temperature
Horlz.ontal Open, Remote Condensing, 35°F to 55°F 439 20
Medium Temperature
Horizontal Open, Remote Condensing, 0°F to 30°F 1007 01
Low Temperature
Horlz.ontal Open, Self-Contained, 35°F to 55°F 1350 121
Medium Temperature
- - - ]
Horizontal Open, Self-Contained, Low 0°F to 30°F 2749 947
Temperature
L = the length of the refrigerated case in linear feet

= Actual

706 Energy Conservation Standards for Commercial Refrigeration Equipment: Technical Support Document, U.S. Department of
Energy, September 2013. The information required to estimate annual energy savings for refrigerated display cases is taken
from the 2013-2014 U.S. Department of Energy (DOE) energy conservation standard rulemaking for Commercial Refrigerated
Equipment. During the rulemaking process, DOE estimates the energy savings specific to night covers through extensive
simulation and energy models that are validated by both manufacturers of night covers and refrigerated cases. The information
is also referenced from a study done by Southern California Edison and testing by Technischer Uberwachungs-Verein Rheinland,
which are used by DOE for the rulemaking process.

707 Southern California Edison Refrigeration Technology and Test Center. Effects of the Low Emissivity Shields on Performance
and Power Use of a Refrigerated Display Case. 1997. Southern California Edison, Rancho Cucamonga, CA.

708 Technischer Uberwachungs-Verein Rheinland E.V. Laboratory test results for energy savings on refrigerated dairy case,
conducted for Econofrost.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

Peak savings are null because savings occur at night only.
NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-RFG-NCOV-V01-150601
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4.7 Compressed Air
4.7.1 VSD Air Compressor

DESCRIPTION

This measure relates to the installation of an air compressor with a variable frequency drive, load/no load controls
or variable displacement control. The baseline compressors defined choke off the inlet air to modulate the
compressor output, which is not efficient. Efficient compressors use a variable speed drive on the motor to match
output to the load. Savings are calculated using representative baseline and efficient demand numbers for
compressor capacities according to the facility’s load shape, and the number of hours the compressor runs at that
capacity. Demand curves are as per DOE data for a Variable Speed compressor versus a Modulating compressor.
This measure applies only to an individual compressor < 40 hp

This measure was developed to be applicable to the following program types: TOS.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT
The high efficiency equipment is a compressor < 40 hp with variable speed control.
DEFINITION OF BASELINE EQUIPMENT
The baseline equipment is a modulating compressor with blow down <40 hp
DEEMED LIFETIME OF EFFICIENT EQUIPMENT
10 years.
DEEMED MEASURE COST
IncrementalCost ($) = (127 x hpcompressor) + 1446
Where:
127 and 14467%° = compressor motor nominal hp to incremental cost conversion factor and offset
hpcompressor = compressor motor nominal
DEeMED O&M CosT ADJUSTMENTS
N/A
LOADSHAPE

Loadshape C35 - Industrial Process

COINCIDENCE FACTOR

The coincidence factor equals 0.95

709 Conversion factor and offset based on a linear regression analysis of the relationship between air compressor motor nominal
horsepower and incremental cost. Several Vermont vendors were surveyed to determine the cost of equipment. See
“Compressed Air Analysis.xls” and “Compiled Data ReQuest Results.xls” for incremental cost details.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKkWh=0.9 x hpcompressor x HOURS x (CFb - CFe)

Where:
AkWh = gross customer annual kWh savings for the measure
hpcompressor = compressor motor nominal hp
0.97%0 = compressor motor nominal hp to full load kW conversion factor
HOURS = compressor total hours of operation below depending on shift

Single shift
(8/5)

1976 hours

7 AM -3 PM, weekdays, minus some holidays
and scheduled down time

2-shift (16/5)

3952 hours

7AM - 11 PM, weekdays, minus some holidays
and scheduled down time

3-shift (24/5)

5928 hours

24 hours per day, weekdays, minus some
holidays and scheduled down time

4-shift (24/7)

8320 hours

24 hours per day, 7 days a week minus some
holidays and scheduled down time

CFb = baseline compressor factor’1?
=0.890

CFe = efficient compressor 712
=0.705

710 Conversion factor based on a linear regression analysis of the relationship between air compressor motor nominal
horsepower and full load kW from power measurements of 72 compressors at 50 facilities on Long Island. See "BHP Weighted

Compressed Air Load Profiles v2.xls".

711 Compressor factors were developed using DOE part load data for different compressor control types as well as load profiles
from 50 facilities employing air compressors less than or equal to 40 hp. “See “BHP Weighted Compressed Air Load Profiles.xls”
for source data and calculations (The “variable speed drive” compressor factor has been adjusted up from the 0.675 presented

in the analysis to 0.705 to account for the additional power draw of the VSD).

712 |bid.
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EXAMPLE
For example a VFD compressor with 10 HP operating in a 1 shift facility would save
AkWh =0.9x10x 1976 x (0.890 — 0.705)
=3290 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / HOURS * CF

EXAMPLE
For example a VFD compressor with 10 HP operating in a 1 shift facility would save
AkW =3290/1976*.95
=1.58 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-MSC-VSDA-V01-120601
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4.7.2 Compressed Air Low Pressure Drop Filters

DESCRIPTION

Low pressure drop filters remove solids and aerosols from compressed air systems with a longer life and lower
pressure drop than standard coalescing filters, resulting in better efficiencies.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified

DEFINITION OF EFFICIENT EQUIPMENT

The efficient condition is a low pressure drop filter with pressure drop not exceeding 1 psid when new and 3 psid
at element change.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a standard coalescing filter with a pressure drop of 3 psid when new and 5 or more at
element change

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

5 years

DEEMED MEASURE COST

The incremental cost for this measure is estimated to be $1000 Incremental cost per filter713
LOADSHAPE

Loadshape C35 - Industrial Process

COINCIDENCE FACTOR

The coincidence factor equals 0.95

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = (kWiypical X AP x SF x Hours / HPtypical) X HPreal
Where:
kWeypical = Adjusted compressor power (kW) based on typical compressor loading and operating

profile. Use Use actual compressor control type if known:

713 Incremental cost research found in LPDF Costs. xlsx
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Compressor kWiypical

Control Type KWieypicat /24
Reciprocating - On/off Control 70.2
Reciprocating - Load/Unload 74.8
Screw - Load/Unload 82.3
Screw - Inlet Modulation 82.5
Screw - Inlet Modulation w/ Unloading 82.5
Screw - Variable Displacement 73.2
Screw - VFD 70.8

= If the actual compressor control type is not known, then use a weighted average
based on the following market assumptions:

Control Type Share % kWiypical'*°
Market share estimation for 40% 748
load/unload control compressors
Market share estimation for
modulation w/unloading control 40% 82.5
compressors
Market share estimation for variable 20% 732
displacement control compressors
Weighted Average 77.6
AP = Reduced filter loss (psi)
=2 psi’16
SF =1% reduction in power per 2 psi reduction in system pressure is equal to 0.5%

reduction per 1 psi, or a Savings Factor of 0.005717
Hours = depending on shifts

Single shift (8/5) — 1976 hours (7 AM — 3 PM, weekdays, minus some holidays and scheduled
down time) + 500 hrs maintenance = 2476 hrs

2-shift (16/5) — 3952 hours (7AM — 11 PM, weekdays, minus some holidays and scheduled down
time) + 500 hrs maintenance = 4452 hrs

3-shift (24/5) — 5928 hours (24 hours per day, weekdays, minus some holidays and scheduled
down time) + 500 hrs maintenance = 6428 hrs

4-shift (24/7) — 8320 hours (24 hours per day, 7 days a week minus some holidays and scheduled

714 See “Industrial System Standard Deemed Saving Analysis.xIs”

715 See “Industrial System Standard Deemed Saving Analysis.x|s”

716 Assumed pressure will be reduced from a roughly 3 psi pressure drop through a filter to less than 1 psi, for a 2 psi savings
717 “Optimizing pneumatic systems for extra savings,” 10, 2010, http://www.compressedairchallenge.org/library/articles/2010-

10-CABP.pdf
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down time)
HPtypical = Nominal HP for typical compressor = 100 hp718
HPreal = Total HP of real compressors distibuting air through filter. This should include the total
horsepower of the compressors that normally run through the filter, but not backup
compressors

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / HOURS * CF

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-MSC-CALPDF-V01-140601

718 Industrial System Standard Deemed Saving Analysis.xls
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4.7.3 Compressed Air No-Loss Condensate Drains

DESCRIPTION

No-loss condensate drains remove condensate as needed without venting compressed air, resulting in less air
demand and consequently better efficiency. Replacement or upgrades of existing no-loss drains are not eligible for
the incentive.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified

DEFINITION OF EFFICIENT EQUIPMENT

The efficient condition is installation of no-loss condensate drains.
DEFINITION OF BASELINE EQUIPMENT

The baseline condition is installation of standard condensate drains (open valve, timer, or both)
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

10 years

DEEMED MEASURE COST

$700 per drain 719

LOADSHAPE

Loadshape C35 - Industrial Process

COINCIDENCE FACTOR

The coincidence factor equals 0.95

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = CFMreduced X kWcrm X Hours

Where:
CFMreduced = Reduced air consumption (CFM) per drain
=3 CFM720
kWerm = System power reduction per reduced air demand (kw/CFM) depending on the type of

compressor control:

System Power Reduction per Reduced Air Demand’%!

719 Based on empirical project data from ComEd Comprehensive Compressed Air Study program and VEIC review of pricing data
found in CAS Cost Data.xls

720 Reduced CFM consumption is based on an a timer drain opening for 10 seconds every 300 seconds as the baseline. See
“Industrial System Standard Deemed Saving Analysis.x|s"”

721 Calculated based on the type of compressor control. This assumes the compressor will be between 40% and 100% capacity
before and after the changes to the system demand. See “Industrial System Standard Deemed Saving Analysis.xls”
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Control Type kW / CFM

Reciprocating - On/off Control 0.184
Reciprocating - Load/Unload 0.136
Screw - Load/Unload 0.152
Screw - Inlet Modulation 0.055
Screw - Inlet Modulation w/ Unloading 0.055
Screw - Variable Displacement 0.153
Screw - VFD 0.178

Or if compressor control type is unknow, then a weighted average based

on market share can be used:

Control Type Share% kW /CFM
Market share estimation for load/unload control 40% 0.136
compressors
Market shgre estimation for modulation 40% 0.055
w/unloading control compressors
Market share estimation for variable 20% 0.153
displacement control compressors
Weighted Average 0.107
Hours = Compressed air system pressurized hours
=6136 hours’22
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh / HOURS * CF

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-MSC-CANCLD-V01-140601

722 S DOE, Evaluation of the Compressed Air Challenge® Training Program, Page 19
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4.7.4 Efficient Compressed Air Nozzles

DESCRIPTION

This measure is for the replacement of standard air nozzle with high-efficiency air nozzle used in a compressed air
system. High-efficiency air nozzles reduce the amount of air required to blow off parts or for drying. These nozzles
utilize the Coanda effect to pull in free air to accomplish tasks with significantly less compressed air. High-efficiency
nozzles often replace simple copper tubes. These nozzles have the added benefits of noise reduction and improved
safety in systems with greater than 30 psig.

DEFINITION OF EFFICIENT EQUIPMENT

The high-efficiency air nozzle must meet the following specifications:

1. High-efficiency air nozzle must replace continuous open blow-offs

2. High-efficiency air nozzle must meet SCFM rating at 80psig less than or equal to: 1/8” 11 SCFM,
1/4" 29 SCFM, 5/16” 56 SCFM, 1/2" 140 SCFM.

3. Manufacturer’s specification sheet of the high-efficiency air nozzle must be provided along with

the make and model

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a standArd air nozzle

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is 15 years’?

DEEMED MEASURE COST

The estimated incremental measure costs are presented in the following table’*

Nozzle Diameter 1/8” 1/4" 5/16” 1/2"

Average IMC S42 S57 s87 S121

LOADSHAPE

Loadshape C35 - Industrial Process

COINCIDENCE FACTOR

The coincidence factor equals 0.95

Algorithm

723 PA Consulting Group (2009). Business Programs: Measure Life Study. Prepared for State of Wisconsin Public Service
Commission.

724 Costs are from EXAIR’s website and are an average of nozzles that meet the flow requirements. Models include Atto Super,
Pico Super, Nano Super, Micro Super, Mini Super, Super and Large Super nozzles. www.exair.com. Accessed March 20, 2014
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = (SCFM * SCFM%Reduced) * kW/CFM * %USE * HOURS
Where:

SCFM = Air flow through standard nozzle. Use actual rated flow at 80 psi if known. If unknown,
the table below includes the CFM by orifice diameter’25 726,

Orifice Diameter ‘ SCFM
1/8” 21
1/4” 58
5/16” 113
1/2" 280

SCFM%Reduced = Percent in reduction of air loss per nozzle. Estimated at 50% 727

kW/CFM = System power reduction per air demand (kW/CFM) depending on the type of air
compressor found in table below’?®

Air Compressor Type ‘ AKW/CFM

Reciprocating—On/off Control 0.18
Reciprocating—Load/Unload 0.14
Screw—Load/Unload 0.15
Screw —Inlet Modulation 0.06
Screw — Inlet Modulation w/ Unloading 0.06
Screw —Variable Displacement 0.15
Screw - VFD 0.18
%USE = percent of the compressor total operating hours that the nozzle is in use

= Custom, if unknown assume 5%72°

725 Review of manufacturer’s information

726 Technical Reference Manual (TRM) for Ohio Senate Bill 221”Energy Efficiency and Conservation Program” and 09-512-GE-
UNC, October 15,

2009. Pgs 170-171

727 Conservative estimate based on average values provided by the Compressed Air Challenge Training Program, Machinery’s
Handbook 25th

Edition, and manufacturers’ catalog.

728 Calculated based on the type of compressor control. This assumes the compressor will be between 40% and 100% capacity
before and after the changes to the system demand. See “Industrial System Standard Deemed Saving Analysis.x|s”

725 Assumes 50% handheld air guns and 50% stationary air nozzles. Manual air guns tend to be used less than stationary air
nozzles, and a conservative estimate of 1 second of blow-off per minute of compressor run time is assumed. Stationary air
nozzles are commonly more wasteful as they are often mounted on machine tools and can be manually operated resulting in
the possibility of a long term open blow situation. An assumption of 5 seconds of blow-off per minute of compressor run time is
used.
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Hours = Compressed air system pressurized hours.

= Use actual hours if known, otherwise assume values in table below:

Single Shift 1976

Two Shifts 3952

Three Shifts 5928

Four Shifts or Continual Operation 8320
Unknown / Weighted average° 5702

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/HOURS * CF
Where:
AkWh = As calculated above
CF =0.95

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE CI-MSC-CNOZ-V01-150601

730 Weighting of 16% single shift, 23% two shift, 25% three shift and 36% continual based on DOE evaluation of the Compressed
Air Challenge, section 2.1.5 Facility Operating Schedules
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4.7.5 Efficient Refrigerated Compressed Air Dryer

DESCRIPTION

An air dryer is an essential component in a compressed air system that prevents condensate from being deposited
in the compressed air supply lines of a facility. If the warm, saturated compressed air is supplied directly into the
plant, excess condensate will form in the compressed air supply lines. Uncontrolled condensate can damage
demand-side tools and process equipment. Secondly, in an oil-flooded rotary screw compressor, the residual oil
from compression can be carried along the supply lines potentially damaging process equipment. Industries that
use compressed air for processes make use of various types of dryers including refrigerated dryers (both cycling
and non-cycling). For this measure, three types of refrigerated air dryers will be considered: thermal mass, variable
speed and digital scroll. All of these technologies offer better part load performance compared to non-cycling
refrigerated dryers, thereby offering energy savings during periods when the dryer is not operating at peak
capacity.

This measure was developed to be applicable to the following program types: TOS.

If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

A new, high efficiency thermal mass dryer, variable speed dryer, or digital scroll dryer.
DEFINITION OF BASELINE EQUIPMENT

A standard non-cycling refrigerated compressed air dryer of comparable capacity.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is 10 years’3L,

DEEMED MEASURE COST

The incremental capital cost for this measure is $6 per CFM.732

LOADSHAPE

Loadshape C35 — Industrial Process

COINCIDENCE FACTOR

The coincidence factor equals 0.95

731 State of Wisconsin Public Service Commission, Focus on Energy Evaluation, Business Programs: Measure Life Study, August
25, 2009.

732 Analysis of material cost between cycling and non-cycling dryers according to prices from Grainger. Cost provided is the
average incremental cost when comparing non-cycling and cycling dryers of the same CFM capacity.
http://www.grainger.com/category/refrigerated-compressed-air-dryers/compressed-air-treatment/pneumatics/ecatalog/N-
kk5?bc=y
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = Ps x (ECSObaseIine - EC50efficient) x HOURS x CFM
Where:

Ps = Full flow specific power of the dryer

=0.007 kW/CFM7"33 (for both baseline and efficient equipment)

EC50baseline = Energy consumption ratio of baseline dryer at 50%73* inlet load capacity as compared
to fully loaded operating conditions.”3°

=0.843

ECF50efficient = Energy consumption ratio of efficient dryer at 50% inlet load capacity as compared to
fully loaded operating conditions.

= Dependent on efficient dryer type, refer to the following table?36:

Dryer Type ‘ EC50efficient

Thermal-Mass | 0.729
VSD 0.501
Digital Scroll 0.551
HOURS = Compressed air system pressurized hours, depending on shift. If unknown, use

weighted average. This value is the weighted average of facility owner responses from
the DOE evaluation of the Compressed Air Challenge. Facility owners with compressed
air systems were surveyed detailing the number of shifts their facilities operated.

Distribution of Facilities Weighted

Hours by Hours of Operation”*’ Hours
Single Shift
7 AM — 3 PM, weekdays, minus some 1,976 16% 316
holidays and scheduled down time
Two Shifts 3,952 23% 909

733 Compressed Air Challenge: Compressed Air Best Practice; “Cycling Air Dryers — Are Savings Significant?” Fox, Timothy J. and
Marshall, Ron. http://www.compressedairchallenge.org/library/articles/2011-11-CABP.pdf

734 Engineering judgement, based on the assumption that on average, compressed air systems will operate at 50% capacity.

735 Compressed Air Challenge: Compressed Air Best Practice; “Cycling Air Dryers — Are Savings Significant?” Fox, Timothy J. and
Marshall, Ron. http://www.compressedairchallenge.org/library/articles/2011-11-CABP.pdf

736 Compressed Air Challenge: Compressed Air Best Practice; “Cycling Air Dryers — Are Savings Significant?” Fox, Timothy J. and
Marshall, Ron. http://www.compressedairchallenge.org/library/articles/2011-11-CABP.pdf

737 DOE evaluation of the Compressed Air Challenge, section 2.1.5 Facility Operating Schedules.
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Distribution of Facilities Weighted

by Hours of Operation”?’ Hours
7AM - 11 PM, weekdays, minus some
holidays and scheduled down time
Three Shifts
24 hours per day, weekdays, minus 0
some holidays and scheduled down >,928 25% 1,482
time
Four Shifts or Continual Operation
24 hours per day, 7 days a week minus 0
some holidays and scheduled down 8,320 36% 2,995
time

Total weighted average 5,702
CFM = Cubic feet per minute, rate of airflow through the dryer.

= Assume 50% of actual rated capacity.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / HOURS * CF
Where:
CF =0.95

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-CPA-CADR-V01-160601
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4.8 Miscellaneous End Use

4.8.1 Pump Optimization

DESCRIPTION

Pump improvements can be done to optimize the design and control of centrifugal water pumping systems,
including water solutions with freeze protection up to 15% concentration by volume. Other fluid and gas pumps
cannot use this measure calculation. The measurement of energy and demand savings for commercial and
industrial applications will vary with the type of pumping technology, operating hours, efficiency, and existing and
proposed controls. Depending on the specific application slowing the pump, trimming or replacing the impeller
may be suitable options for improving pumping efficiency. Pumps up to 40 HP are allowed to use this energy
savings calculation. Larger motors should use a custom calculation (which may result in larger savings that this
measure would claim).

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is proven to be an optimized centrifugal
pumping system meeting the applicable program efficiency requirements:

e  Pump balancing valves no more than 15% throttled
e Balancing valves on at least one load 100% open.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be the existing pumping system
including existing controls and sequence of operations.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years’3®

DEEMED MEASURE COST

The incremental capital cost for this measure can vary considerably depending upon the strategy employed to
achieve the required efficiency levels and should be determined on a site-specific basis.

DeemEeED O&M CosT ADJUSTMENTS
N/A
COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 38%73°

738 Martin, N. et al., Emerging Energy-Efficient Industrial Technologies: New York State Edition, American Council for an Energy
Efficient Economy (ACEEE), March 2001 (as stated in the OH State TRM, page 269)

739 Summer Peak Coincidence Factor has been preserved from the “Technical Reference Manual” (TRM) for Ohio Senate Bill 221
Energy Efficiency and Conservation Program and 09-512-GE-UNC,” October 15, 2009. This is likely a conservative estimate, but
is recommended for further study (as stated in the OH State TRM, page 269)

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 479 of 493



Illinois Statewide Technical Reference Manual- 4.8.1 Pump Optimization

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWh = (HPmotor * 0.746 * LF / Rmotor) * HOURS * ESF

Where:
HPmotor = Installed nameplate motor horsepower
= Actual
0.746 = Conversion factor from horse-power to kW (kW/hp)
LF / Nmotor = Combined as a single factor since efficiency is a function of load
=0.657%
Where:
LF = Load Factor; Ratio of the peak running load to the nameplate rating

of the motor

nmotor = Motor efficiency at pump operating conditions
HOURS = Annual operating hours of the pump
= Actual
ESF = Energy Savings Factor; assume a value of 15%7%1,

740 “Measured Loading of Energy Efficient Motors - the Missing Link in Engineering Estimates of Savings,” ACEEE 1994 Summer
Study Conference, Asilomar, CA.

741 published estimates of typical pumping efficiency improvements range from 5 to 40%. For analysis purposes, assume 15%.
United States Industrial Electric Motor Systems Market Opportunities Assessment December 2002, Table E-7, Page 18,
https://www1.eere.energy.gov/manufacturing/tech assistance/pdfs/mtrmkt.pdf
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (HPmotor *0.746 *( LF / r]motor)) * (ESF) * CF
Where:

CF = Summer Coincident Peak Factor for measure
=0.3872

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-MSC-PMPO-V01-150601

742 Summer Peak Coincidence Factor has been preserved from the “Technical Reference Manual” (TRM) for Ohio Senate Bill 221
Energy Efficiency and Conservation Program and 09-512-GE-UNC,” October 15, 2009. This is likely a conservative estimate, but
is recommended for further study (as stated in the OH State TRM, page 269)
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4.8.2 Roof Insulation for C&I Facilities

DESCRIPTION

Energy and demand saving are realized through reductions in the building cooling and heating loads. This measure
was developed to be applicable to the following program types: RF and NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
The efficient condition is above code and should be determined by the program.
DEFINITION OF BASELINE EQUIPMENT

The retrofit baseline condition is adopted from Ohio Energy Technical Reference Manual and expanded to cover all
type of commercial buildings in the state of lllinois as follows.

For retrofits, the R-value for the entire assembly:

Building Type Retro;i-tv:::mbly

Assembly 13.5
Assisted Living 135
College 13.5
Convenience Store 13.5
Elementary School 13.5
Garage 135
Grocery 135
Healthcare Clinic 13.5
High School 135
Hospital 13.5
Hotel/Motel 13.5
Manufacturing Facility 12

MF - High Rise 13.5
MF - Mid Rise 13.5
Movie Theater 13.5
Office - High Rise 13.5
Office - Low Rise 135
Office - Mid Rise 135
Religious Building 13.5
Restaurant 13.5
Retail - Department Store 135
Retail - Strip Mall 135
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oy Retrofit Assembly
Building Type R-Value
Warehouse 12
Unknown 13.5

For new construction use R-value from IECC 2012 or ASHRAE —90.1 — 2010, or use IECCC 2015 or ASHRAE —90.1 —
2013, depending on the IECC in effect on the date of the building permit (if unknown assume IECC 2015)..

R-Values: ASHRAE —90.1 — 2010

ILTRM Zones 1, 2, & 3 [ASHRAE/IECC Climate Zone 5 (A, B, C)]

Nonresidential Semiheated

Assembly Insulation Min. Assembly Insulation
Maximum R-Value Maximum Min. R-Value

Insulation Entirely

Above Deck R-20 c.i.

Metal Building (Roof) 0.055 R-13.0 + R-13.0 U-0.083 R-13.0

Attic and Other 0.027 R-38.0 U-0.053 R-19.0

IL TRM Zones 4 & 5 [ASHRAE/IECC Climate Zone 4 (A, B, C)]
Nonresidential Semiheated Table Notes

Assembly Insulation Min. Assembly Insulation c.i. = continuous
Maximum R-Value Maximum Min. R-Value insulation

Insulation Entirely

Above Deck R-20.0 c.i.

Metal Building (Roof) 0.055 R-13.0 + R-13.0 0.097 R-10.0

Attic and Other 0.027 R-38.0 0.053 R-19.0

R-Values: ASHRAE —90.1 — 2010
ILTRM Zones 1, 2, & 3 [ASHRAE/IECC Climate Zone 5 (A, B, C)]
Nonresidential Semiheated

Assembly Insulation Min. Assembly Insulation
Maximum R-Value Maximum Min. R-Value

Insulation Entirely

Above Deck R-30.0 c.i.

R-19 + R-11 Ls or
Metal Building (Roof) 0.037 0.082 R-19
R-25 + R-8 Ls

Attic and Other 0.021 R-49 0.034 R-30
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IL TRM Zones 4 & 5 [ASHRAE/IECC Climate Zone 4 (A, B, C)]

Nonresidential Semiheated

Assembly Insulation Min. Assembly Insulation

Maximum R-Value Maximum Min. R-Value Table Notes

Insulation Entirely
Above Deck

c.i. = continuous
insulation

R-30.0 c.i.

R-19 +R-11 Ls or
Metal Building (Roof) 0.037 0.082 R-19
R-25 +R-8 Ls Ls = linear system, a
continuous vapor
barrier liner installed
Attic and Other 0.021 R-49 0.034 R-30 below the purlins and
uninterrupted by

framing members

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure expected useful life (EUL) is assumed to be 20 years per DEER 2008. This is consistent with SDG&E's
9th Year Measure Retrofit Study (1996 & 1997 Residential Weatherization Programs), CPUC’s Energy Efficiency
Policy Manual v.2, and GDS’s Measure Life Report Residential and Commercial/Industrial Lighting and HVAC
Measures (June 2007).

DEeMED MEASURE COST

Per the WO017 Itron California Measure Cost Study’3, the material cost for R-30 insulation is $0.59 per square foot.
The installation cost is $0.81 per square foot. The total measure cost, therefore, is $1.40 per square foot of
insulation installed. However, the actual cost should be used when available.

LOADSHAPE

Loadshape C03: Commercial Cooling

COINCIDENCE FACTOR

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 74
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
=47.8%7%
Algorithm

743 Measure costs are from the W017 Itron California Measure Cost Study, accessed via
http://www.energydataweb.com/cpuc/search.aspx. The data is provided in a file named “MCS Results Matrix — Volume 1”.

744 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

745 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric energy savings is calculated as the sum of energy saved when cooling the building and energy saved when
heating the building

AkWh = AkWh_cooling + AkWh_heating
If central cooling, the electric energy saved in annual cooling due to the added insulation is

AkWh_cooling = ((1/R_existing) - (1/R_new)) * Area * EFLHcooling * ATaveG,cooling / 1,000 / n_cooling

Where:
R_existing = Roof heat loss coefficient with existing insulation [(hr-°F-ft2)/Btu]
R_new = Roof heat loss coefficienty with new insulation [(hr-°F-ft?)/Btu]
Area = Area of the roof surface in square feet. Assume 1000 sq ft for planning.
EFLHcooling = Equivalent Full Load Hours for Cooling [hr] are provided in Section 4.4, HVAC end use
ATAVG,cooling = Average temperature difference [°F] during cooling season between outdoor air

temperature and assumed 75°F indoor air temperature

Climate Zone OAAVG,cooling

ATAVG,cooIing [oF]

(City based upon) [F)*
1 (Rockford) 81 6
2 (Chicago) 81 6
3 (Springfield) 81 6
4 (Belleville) 82 7
5 (Marion) 82 7
1,000 = Conversion from Btu to kBtu
n_cooling = Seasonal energy efficiency ratio (SEER) of cooling system (kBtu/kWh). Use actual if

possible, if unknown and for planning purposes assume the following:

Year Equipment was Installed SEER estimate ‘
Before 2006 10
After 2006 13

If the building is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating

746 National Solar Radiation Data Base -- 1991- 2005 Update: Typical Meteorological Year 3
http://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/by state and city.html
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due to the added insulation is

AkWh_heating = [(1/R_existing) - (1/R_new)] * Area * EFLHneating * ATAvG heating / 3,412 / n_heating

Where:
EFLHheating = Equivalent Full Load Hours for Heating [hr] are provided in Section 4.4, HVAC end
use
ATAVG heating = Average temperature difference [°F] during heating season between outdoor air

temperature and assumed 55°F heating base temperature

Climate Zone

OAAVG, heating ATAvG heating
(City based upon) [°F]7 [°F]
1 (Rockford) 32 23
2 (Chicago) 34 21
3 (Springfield) 35 20
4 (Belleville) 36 19
5 (Marion) 39 16
3,142 = Conversion from Btu to kWh.
n_heating = Efficiency of heating system. Use actual efficiency. If not available refer to default
table below.
Age of HSPF nHeat (Effective COP Estimate)
System Type Equipment Estimate (HSPF/3.413)*0.85
Before 2006 6.8 1.7
Heat Pump
After 2006 7.7 1.92
Resistance N/A N/A 1

If the building is heated with a gas furnace, there will be some electric savings in heating the building attributed to
extra insulation since the furnace fans will run less.

AkWh_heating = ATherms * Fe * 29.3

Where:
ATherms = Gas savings calculated with equation below.
Fe = Percentage of heating energy consumed by fans, assume 3.14%
29.3 = Conversion from therms to kWh

747 National Solar Radiation Data Base -- 1991- 2005 Update: Typical Meteorological Year 3
http://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/by state and city.html
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = (AkWh_cooling / EFLH_cooling) * CF
Where:
EFLHcooling = Equivalent full load hours of air conditioning are provided in Section 4.4, HVAC end use

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak
hour)

=91.3% 7%®

CFeim = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak
period)

=47.8% 7%

NATURAL GAS SAVINGS

If building uses a gas furnace, the savings resulting from the insulation is calculated with the following formula.

ATherms = ((1/R_existing) - (1/R_new)) * Area * EFLHnheating * ATavG,heating / 100,000 / n_heat

Where:
R_existing = Roof heat loss coefficient with existing insulation [(hr-°F-ft2)/Btu]
R_new = Roof heat loss coefficienty with new insulation [(hr-°F-ft?)/Btu]
Area = Area of the roof surface in square feet. Assume 1000 sq ft for planning.
EFLHheating = Equvalent Full Load Hours for Heating are provided in Section 4.4, HVAC end use
ATAVG heating = Average temperature difference [°F] during heating season (see above)
100,000 = Conversion from BTUs to Therms
n_heat = Efficiency of existing furnace. Assume 0.78 for planning purposes.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

748 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

749 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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MEASURE cODE: CI-MSC-RINS-V02-160601
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4.8.3 Computer Power Management Software

DESCRIPTION

Computer power management software is installed on a network of computers. This is software which monitors
and records computer and monitor usage, as well as allows centralized control of computer power management
settings.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is defined by the requirements listed below:

e Allow centralized control and override of computer power management settings of workstations which
include both a computer monitor and CPU (i.e. a desktop or laptop computer on a distributed network)

e Be able to control on/off/sleep states on both the CPU and monitor according to the Network
Administrator-defined schedules and apply power management policies to network groups

e Have capability to allow networked workstations to be remotely wakened from power-saving mode (e.g.
for system maintenance or power/setting adjustments)

e Have capability to detect and monitor power management performance and generate energy savings
reports

e  Have capability to produce system reports to confirm the inventory and performance of equipment on
which the software is installed.

This measure was developed to be applicable to the following program types: Retrofit. If applied to other

program types, the measure savings should be verified.

DEFINITION OF BASELINE EQUIPMENT

Baseline is defined as a computer network without software enforcing the power management capabilities in
existing computers and monitors.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is five years.”>0

DEEMED MEASURE COST

The deemed measure cost is $29 per networked computer, including labor.”51
LOADSHAPE

Loadshape C21: Commercial Office Equipment.

COINCIDENCE FACTOR

NA

750 The following reference uses 10 years, however, given the rapid changes in the technology industry, there is quite a lot of
uncertainty about the measure life and a more conservative value was used (i.e. half the published measure life): Table VI.1:
Dimetrosky, S., Luedtke, J. S., & Seiden, K. (2005). Surveyor Network Energy Manager: Market Progress Evaluation Report, No. 2
(Northwest Energy Efficiency Alliance report #£05-136). Portland, OR: Quantec LLC;).

751 Work Paper WPSCNROEQOO3 Revision 1, Power Management Software for Networked Computers. Southern California
Edison
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Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = Wsavings * W
Where:
Wsavings = annual energy savings per workstation

=200 kWh7>2 for desktops, 50 kWh for laptops’>3
= If unknown assume 161 kWh (based on 74% desktop and 26% laptop”>)

w = number of desktop or laptop workstations controlled by the power management
software

SUMMER COINCIDENT PEAK DEMAND SAVINGS

NA

NATURAL GAS SAVING

NA

WATER IMPACT DESCRIPTIONS AND CALCULATION

NA

DEeMED O&M COST ADJUSTMENT CALCULATION

Assumed to be $2/unit 75

MEASURE cODE: CI-MSC-CPMS-V01-150601

752 Based on average energy savings/computer from the following sources:

South California Edison, Work Paper WPSCNROEO0O03 (200k Wh)

Surveyor Network Energy Manager Evaluation Report , NEEA (68, 100, and 128kWh)

Regional Technical Forum http://rtf.nwcouncil.org/measures/measure.asp?id=95 (200 kwWh)

EnergySTAR Computer Power Management Savings Calculator (~190 kWh for a mix of laptop/desktop and assuming 30% are
already turned off at night)

http://www.energystar.gov/ia/products/power _mgt/LowCarbonITSavingsCalc.xlsx?78c1-120e&78c1-120e

Power Management for Networked Computers: A Review of Utility Incentive Programs J. Michael Walker, Beacon Consultants
Network Inc., 2009 ACEEE Summer Study on Energy Efficiency in Industry (330 kWh)

753 power Management for Networked Computers: A Review of Utility Incentive Programs J. Michael Walker, Beacon
Consultants Network Inc., 2009 ACEEE Summer Study on Energy Efficiency in Industry

754 Based on PY6 ComEd Computer Software Program data showing a split of 74% desktop to 26% laptop.

755 Based on Dimetrosky, S., Luedtke, J. S., & Seiden, K. (2005). Surveyor Network Energy Manager: Market Progress Evaluation
Report, No. 2 (Northwest Energy Efficiency Alliance report #E05-136). Portland, OR: Quantec LLC and review of CLEARResult
document providing Qualifying Software Providers for ComEd program and their licensing fees; “Qualifying Vendor Software
Comparison.pdf”.
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4.8.4 Modulating Commercial Gas Clothes Dryer

DESCRIPTION

This measure relates to the installation of a two-stage modulating gas valve retrofit kit on a standard commercial
non-modulating gas dryer. Commercial gas clothes dryers found in coin-operated laundromats or on-premise
laundromats (hospitals, hotels, health clubs, etc.) traditionally have a single firing rate which is sized properly for
highest heat required in initial drying stages but is oversized for later drying stages requiring lesser heat. This
causes the burner to cycle on/off frequently, resulting in less efficient drying and wasted gas. Replacing the single
stage gas valve with a two-stage gas valve allows the firing rate to adjust to the changing heat demand, thereby
reducing overall gas consumption.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

A 30 to 250 pound capacity commercial gas dryer retrofitted with a two-stage modulating gas valve kit.

DEFINITION OF BASELINE EQUIPMENT

A 30 to 250 pound capacity commercial gas dryer with no modulating capabilities.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed measure life for the retrofit kit is 14 years, assumed to be equal to that of a commercial gas dryer?6,
DEEMED MEASURE COST

The full retrofit cost is assumed to be $700, including the material cost for the basic modulating gas valve retrofit
kit ($600) and the associated of labor for installation ($100)757.

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

756 Zhang, Yanda, and Julianna Wei. Commerical Clothes Dryers, CASE Initiative for PY2013: Title 20 Standards Development.
California Public Utilities Commission, 2013.

757 Engineering judgement, based on observed costs during Nicor Gas pilot study. "Nicor Gas Emerging Technology Program,
1036: Commercial Dryer Modulation Retrofit Public Project Report." 2014.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Note: Accurately estimating dryer energy consumption is complicated and challenging due to a variety of factors
that influence cycle times and characteristics and ultimately drying energy requirements. Clothing loads can vary by
weight, volume, fiber composition, physical structure, and initial water content, meaning that for any given cycle
drying energy requirements can differ. Additionally, dryer settings selected by the user as well as interactions with
the site’s HVAC systems are known to influence dryer performance. As better information becomes available, this
characterization can be modified to allow for a more site-specific estimation of savings.

ATherms = Neycles * SF
Where:

Necyces = Number of dryer cycles per year. Refer to the table below if this value is not directly available.
Application Cycles per Year
Coin- Operated Laundromats”® 1,483
Multi-family Dryers’>® 1,074
On-Premise Laundromats’®° 3,607

SF = Savings factor

=0.18 therms/cycle8!

If using default cycles the savings are as follows:

Application ATherms
Coin- Operated Laundromats’®? 267
Multi-family Dryers’®3 193
On-Premise Laundromats’®* 649

758 From DOE’s Federal Register Notices - found here: http://energy.gov/eere/buildings/recent-federal-register-notices

759 |bid.

760 Average value for dryer cycles in healthcare facility, hotels, drycleaners and laundromats from tests conducted in Nicor Gas
Emerging Technology Program’s Commercial Dryer Modulation Retrofit Public Project Report.

761 Based on lllinois weather data, and average dryer performance for laundromat (30 to 45lb) and hotel (75 to 170 lb) dryers.
See GTI Analysis.xIsx for complete derivation.

762 From DOE’s Federal Register Notices - found here: http://energy.gov/eere/buildings/recent-federal-register-notices

763 |bid.

764 Average value for dryer cycles in healthcare facility, hotels, drycleaners and laundromats from tests conducted in Nicor Gas
Emerging Technology Program’s Commercial Dryer Modulation Retrofit Public Project Report.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEemMED O&M CoST ADJUSTMENT CALCULATION
N/A
Measure Code: CI-MSC-MODD-V01-160601
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	4.4.36 Multi-Family Space Heating Steam Boiler Averaging Controls
	Description
	This measure covers multi-family space heating boiler averaging controls. Temperature sensors are placed in interior spaces to monitor the average temperature of the building. At minimum a sensor must be placed at each corner and at one central locati...
	This measure was developed to be applicable to the following program types:  RF.
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
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	Measure Code: CI-LTG-CCFL-V06-160601
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	Description
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	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-DLMP-V02-140601

	4.5.3 High Performance and Reduced Wattage T8 Fixtures and Lamps
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	The deemed measure cost is found in the reference table at the end of this characterization.
	Loadshape
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
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	4.5.4 LED Bulbs and Fixtures
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	Reference Tables
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	4.5.6 LED Traffic and Pedestrian Signals
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	Deemed Measure Cost
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	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
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	Reference Tables
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	Description
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	Definition of Baseline Equipment
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	Deemed Measure Cost
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	Coincidence Factor
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	Deemed O&M Cost Adjustment Calculation
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	4.5.8 Miscellaneous Commercial/Industrial Lighting
	Description
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	Definition of Baseline Equipment
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	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Deferred Installs
	Summer Coincident Demand Savings
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	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-MSCI-V02-140601

	4.5.9 Multi-Level Lighting Switch
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-MLLC-V03-160601

	4.5.10 Occupancy Sensor Lighting Controls
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation

	4.5.11 Solar Light Tubes
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Summer Coincident Peak Demand Savings
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	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-STUB-V02-140601

	4.5.12 T5 Fixtures and Lamps
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	Electric Energy Savings
	Heating Penalty
	Summer Coincident Demand Savings
	Natural Gas Energy Savings
	Deemed O&M Cost Adjustment Calculation
	Reference Tables
	Measure Code: CI-LTG-T5FX-V04-160601

	4.5.13 Occupancy Controlled Bi-Level Lighting Fixtures
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Summer Coincident Peak Demand Savings
	Natural Gas Heating Penalty
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-OCBL-V02-160601

	4.5.14 Commercial ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Deferred Installs
	Heating Penalty
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-SCFL-V02-160601


	4.6 Refrigeration End Use
	4.6.1 Automatic Door Closer for Walk-In Coolers and Freezers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ATDC-V01-120601

	4.6.2 Beverage and Snack Machine Controls
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-BEVM-V02-150601

	4.6.3 Door Heater Controls for Cooler or Freezer
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-DHCT-V01-120601

	4.6.4 Electronically Commutated Motors (ECM) for Walk-in and Reach-in Coolers / Freezers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ECMF-V01-120601

	4.6.5 ENERGY STAR Refrigerated Beverage Vending Machine
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ESVE-V02-150601

	4.6.6 Evaporator Fan Control
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-EVPF-V02-140601

	4.6.7 Strip Curtain for Walk-in Coolers and Freezers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-CRTN-V03-150601

	4.6.8 Refrigeration Economizers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	The baseline condition is a walk-in refrigeration system without an economizer
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	The summer peak coincidence factor for this measure is assumed to be 0% .
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ECON-V05-150601

	4.6.9 Night Covers for Open Refrigerated Display Cases
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-NCOV-V01-150601


	4.7 Compressed Air
	4.7.1 VSD Air Compressor
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Deemed O&M Cost Adjustments
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-VSDA-V01-120601

	4.7.2 Compressed Air Low Pressure Drop Filters
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-CALPDF-V01-140601

	4.7.3 Compressed Air No-Loss Condensate Drains
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-CANCLD-V01-140601

	4.7.4 Efficient Compressed Air Nozzles
	Description
	Definition of Efficient Equipment
	3. Manufacturer’s specification sheet of the high-efficiency air nozzle must be provided along with the make and model
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code CI-MSC-CNOZ-V01-150601

	4.7.5 Efficient Refrigerated Compressed Air Dryer
	Description
	Definition of Efficient Equipment
	A new, high efficiency thermal mass dryer, variable speed dryer, or digital scroll dryer.
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	The measure life is 10 years .
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-CPA-CADR-V01-160601


	4.8 Miscellaneous End Use
	4.8.1 Pump Optimization
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Deemed O&M Cost Adjustments
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	N/A
	Water Impact Descriptions and Calculation
	N/A
	Deemed O&M Cost Adjustment Calculation
	N/A
	Measure Code: CI-MSC-PMPO-V01-150601

	4.8.2 Roof Insulation for C&I Facilities
	Description
	Definition of Efficient Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure code: CI-MSC-RINS-V02-160601

	4.8.3 Computer Power Management Software
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Saving
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure code: CI-MSC-CPMS-V01-150601

	4.8.4 Modulating Commercial Gas Clothes Dryer
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	The deemed measure life for the retrofit kit is 14 years, assumed to be equal to that of a commercial gas dryer .
	Deemed Measure Cost
	The full retrofit cost is assumed to be $700, including the material cost for the basic modulating gas valve retrofit kit ($600) and the associated of labor for installation ($100) .
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation



	EXAMPLE
	EXAMPLE
	EXAMPLE
	Example
	EXAMPLE
	EXAMPLE
	EXAMPLE
	EXAMPLE

